EXPERIMENTAL THERAPEUTICS 



ctBwtivtly. oT Hie controls, Cenmlnation treatment with tisxofurtn (500 m^d) and 
^tTTlii rtfirttflAn reduced 0» tunK* eize to 51*, usdieatlng synergwrn. Synergism 
^ ^^S^whSf^Urfn {700 rik/KbAO we. ^ followed » b bter « 
<j"^p«/taM) «hich reduced the tumor so to 3** of a* aattnl. These iwrttt 
^^M^tgbin * **oi with U**afurin .heald be of inter** ^ ^tr^ji^t of 

ovarian «^om (Supp*^ m part by greet «RCM61 J to 
from the American Cancer Society.) 



Baotiltaion counting. Three day* after polymer impiantatlc-n, et - 1 mm away from ihc 
polymer, ibc ctuwentntkxu were ~30Q«M for BCNU. -ttuM for 4-HC end ~30*M 
far toxot One week following polymer Impbntsiion. oD 3 agent* were found to be 
nresent bmh iMilatsTally t>600nM, ~80nM tnd MOnM for BCNU 4-HC and tasol, 
res^vely) Jnd ee^ternlly <-300aM. -70nM and -6nM for BCNU. 4-HC and 
taxed, respectively). Theae finding* Indicate that polymer delivery of BCNU, 4-HC and 
texol resulted in high coneenwujons near the iraplanteUoo site and low, but significant, 
cOneemrclwKU ot distant rites In the primate twain. 



#2563 Wednesday, April 24, 1996, 8:00-12:00, Poster Seed en 13 
Intermittent **p*aro to pneWaxri rcsultf!* In high leveb of nou-MDft pneBtel 
ZZutzzc* in thVftumen ovwi** ce*etaama c*U tine SKOY3, RlscWn. D.. U«. O. 
GurusmgM A. Woodcock, D. DMrtaa vf Ha<maU*>gy aid Medical Ofteolagy and 
Trmrnkkk Rcscvrch Laboratories. Peter kioeCattum Cancer Jnsntute, Melbourne, 

Two cell Bees, SKTAX^b end SKTAXon. have been otablished by expeaing the 
human Ovarian carcinoma ceil line SKOV3 to int^htent, step-wise Imaxasrnfi con- 
Salons of paelUnacl. SlCTAX3b end SKTAXba ore >o end 300 fold resistant te 
pnciiUAei and * and 17 fold resbtsat to docettxel respectively. Bom ceU li*e$ eanibu 
low levels of resistance io vinco tdJuttalds but no significant resistance to colchicine, 
etouoride or doxorubicin. There b coHateraJ icnRuWicy io dsptein. There is no 
aveWpraixion of MDR1 on Northern analysis or of P- B ^prote|n on flow cV^meny 
using MRK-16, The pronttge of ceils arrested ot 0,/M Mio ^ D i eaposwBI to 250o*4 
psdSrexel U much lower in the resktant cell Ones than in SKOV3, 0 end atubalm levels 
oTwestem blot analysis ure dwmmscd in SKTAX3b but eel in SKTAXed. PndiUanl 
accumulation and eqrpreaston of tubulin isotypes ere currently being investigated, 



#2587 Wednesday. April 24, 1996. 8:00-12:00, Poster Section 15 
Determination of urinary o^beta^hydrvryeoTibo! and Cortisol ratio by caplttory 
tieetropbortsfa, Lin, 3., Flcbber, SeJdmoo, A., Sprigga, D M and Tong, W.P, 
Manorial Shxm-K*tt<rbrfi Cancer Cattcr. Jfcw York fVK 10021. 

Cytochrome P450 3A anxymcs metanonze ovioy drugs inch as etopemde, tamoxifen, 
tsxal, vinblastine nifedipine end tttfimndtta, miut>»cora like cycto»porin, ketoeOAevnle 
end gnmaftult juice can altar the ebancaeoidoetlca of soeb drugs. Due to die broad 
uaerindivKtael variabilfty ortd possisls ethnic polymorphism! in a study with uuco!, we 
Man aged the rcloiionshlp of taee4 pharnwcokinedci and individual 1M ptctrealincnt 
eveluBsion. urinary «4i«ta^ydmycoril»ol/cortMol ratio has been used a* endogenous 
marker to mature human 3 A activity, Sieea this procedure la nocwovualvc end doe* net 
require The use of any teat compound, we choe*c this method to eorreHae with the \mjucA 
pharmacskineUc eoianvtera. After solid phase ea m uTir m of urine t ample*, capUlary 
alecticphereals assay using a bonne buffer with SDS» dxoxyeholate and methonol as 
ckcijolyte, achicvedsepnrob'einofbc^con^ in lOmbttxies when compared to the 
HPLC with ajadtent claiion procedurt which required SO minutes, 



#2564 Sunday, April 21, 1996, 1:00-5:00, Room 20 

Potential^* of the cytometry of anu^anetr agcab by novel p&iyfACP-rfbcse)- 
pclym«ruK {FAKF) InhibltoT*. oewmea, KJ.* Cnivcrt, AJ^," O^n. N J./ Qvldl** 
B^.f Ortffin, fUj Nowt.ll. D.R." Srmivatan, S. b and Whhe A.\ Cancwr JUaanh 
UHU* and Deportment afCbcmittrjf. Univrnty ofNowcestH itpati Tyne, UK. 

^Za^awxma ^(APP^^JpcJyinere- CPABPt EC is activated 

by DNA ammd breaic* to form APP-rfbote polymer* na enctear tcc*pc« prrtein*. 
which cause* relaxation of chromatin tn the mgma of the »uaod break and facilitates 
DMA repair. Thu*, PARP ushibitwn has the potential to enhance thn cvtotarieiry of 
DNA damaging anticancer therapy. Novel iniea of c^imooun-4-t3fi1-o»e and bcx> 
hredaiale^arboxamlde PARP Inhlhhom have recently been developed with IC*, 
values fur PaRP inhibinoe *t Oooogenic usnya using LU10 ceils wax* 
performed to Investigate the potcniiuion of eytoteede egenta by u\ma oovel infdhltnra. 
The wmiiicdlaonc PARP inhibitor. NU1025 QC M = 400 pM). notcnuated MTIC. the 
active methytotin B xpedes derived from tcmaicUWe and DTTC Ctehaneernant (hetor 
ot 10% cell turvivtU (6F i0 > of 4.1), fHttendaiinn of the topoisoDttmSe I lnhMtar, 
esmptothecin. (£F to « 2.6), v*irraduulon <EF„ - U) and bleofnydn<BP, B » IX) was 
Mho eatarved, However, there was no panellation of the rn po la nm c r asc U inhibitors, 
VP16 and doxerunlcln, nor of the thymldyuna synOuuc inhibitors, CW> 17 and AOT7. 
NUlOeX a benzlmWaeole ciarfaoaamide PAW Inhibitor - I f*M). lignlflcantly 
temeemlomide cywaxidiy In ■ concenvrtiwvdcpwident atanner. Studies am 
' to identify the most saltabte drug coiuWpaxieas for pre-elinlcal fa-vrVo 



#2S65 Weanfisdny.- April 24. 1996, fcOO-iZ-00. Porter Sectfcai 13 
prog delivery syatemai water aetobie tpuW .pedjethytene glycol etfer prodnigs- 
deslgn nod In vfvo efBteHvenesa. Pendrl, A-. graanwald, SL, Oilhdt, C, and Ceenver, 
C &UPM Inc. 20 Xin$tbridgf Road, Ptscsutway, NJ. 0&BS4* 

PE9 darivadvas of- molecular weight 5-40 ktta were conoen^ed with psdaaael to 
provide water aoluble [120-660 mgfoU i'-taxoi PEO esmrs Colpba aikoxyestcra). 
Rates of bydroiyfiis la butTur end at plasma ware dctcna in e d for oB cornpotmda 
rymhesixed, and for a given linker were fahmtfcnl regarffless of mojcoular welgftt. Tfacsa 
coo^poonds were shown tn nmame as prodrugs Osoaaport mrmaX n^e ICjq values of 
the ee*drags were, wittiiu eatperlmcntai cro, similar to native peelltsxel. However, m 
vivo experiment* clearly established chat in order lor these prodrugs to behave in a 



, the molecutair weight of PEG rasst be of such magnhede so as to 
nrtncom q t, n drcutation > tm hyorulysis. Only la the cases of of rnolecater 
weight > 30kDa could equivalent potcacy of the prodrug end paeiiu«l be deroon- 
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Wednesday, April 24, 1996, 8KX)-12nOO t Poster Section 13 



Polymer deBvery at earmustln*, «^ropwmy>c>>Cloph«pG»ml^ end taxei to the 
tnoskay. hralu. Fung, UiC Ewend, M, eTilhw A, Sipos, Bn Thempaoa, Brnm. H.. 
end SoUznmn, W.M. Johns Napkins Vnhvnty Mt> 2t22a\ 

The dUtrlhunnn of enrmuadne (BCNU\ ^hydroeejc^ycio ^ru^ i Tn^ <4-HCi 
and tsxal following ratease from polymer iniplantt In the monkey brain was studied. 
Those agents were rediotabejed. and en e tm e nlrtrvl into copelyrnnni of c«be«yph«- 
aoxyta^pane end sefceeie acid (2ttS0 ratio). The draff-loaded pofynsar htmlants (20* 
tended) were then tnsartad IritraccrcbnUly ia monkeys. Average cmnceturatloat of agenta 
over ceroaai sections of iha brains wem obcbiod by thin-b«yar etttomatoataphy end 



#2568 Wednesday^ April 24, 1996. 8:00-12:00, Poster Section 13 

Activity and aehedute dependent lataractuwa ef paentaxal, eeopoeide end tfos- 
famido In «^rpUtia tcasirtve and cUptaUn-refractury human ovarian cardnoma 
cdl Hoes. KUasscn U . Hamtrick A, 3chlcuchw N. Vanhocrer U, Schrooer J, WUkc H. 
£eeber S. Department e/ Internal aft/Octo* (Cancer frMarchl West German Cancer 
Center, University of Sum, Htfdandetr. 55, 45122 Euen, Germany 

Paeftaxed bos demonstrated broad clinical activity in a variety of nuu^gruuvnes both 
alone and in combination with other rft a mrthsT PPeuUc agents. The in vitro cytotoxicity 
of a 2h exposure to pacittaxal. byrJrc^cro*y-iCoatarnidc and etopoalde alone, in camM- 
nsuon and kt sequence, was evaluated against established ciartsiie-eefUttttve A 27 SO 
WT, TRI70) and dsplolin^tarmetory (A 2780 CP2, TR J70/T3I) human ovarian 
carciRoma cell Ones usmglsobotofram analysis. The eomhinuaoas of either peduaxttf 
jfotff amide or pactitaxxVetofmttda were found to be ocditfva or synergbtie whea the 
drugt were given dmultaneousJy or when paciUsxel was given 24 h prior to ifosfamuk 
or ottposldc, reapeetively. However, when eteposWe or Ifwfomide were give* prior to 
paztilaxek antngonistic inmracaens were ohacrved, Wid) regard to etoposido thi* aa- 
togoulam was evident for up to 2* h. In eoncnTdanee to our data with the achedule 
dependent interactions of parHmrtl and cumtatla ia human gasnic and ovarian carci- 
noma ceU lines, these data dcmotutroia that the mterec4ona of paclfaaxeJ, etoporide and 
ifosfamide are also highly schedule dependent and applications of etopotida or Ifosf- 
emidB prior ta paditaxeJ may result in pronounced aarngonlarn. These findings could 
have troplievaoes for (he deaiga ef further cftucel protocoU- 



#2569 Wednesday. ApfU 24. 1996, 8.-00-I2KX). Poster Sccrioo 13 
Synth eats and evaluation of PEG-pacliiixcl enrriugata aa a watarsMM uble j»cilta*e3 
prodrug, U, Ya, D-P, Irtaoe. T., Yaag. D. /, Miiaa, L.. Hunter, L. B,, Wallace, S. 
(Jnta. Texas MJX Anderma Cancer Cm. Houston, TX 

Beeaufis of its poor solubdUry la water, pacliuad (Taxol) it formula led with Crerno- 
phor and alcohol. The vehicle has several toxic effects. We synthesized a water-eoltibfc 
peiytabylene glycol CPEGhcociuaxnl conjagam from C-2' saetmyl paciiraxe] end 
ruethuxypclyathyicnB glycol amine by on EBDQ-mediatcd eoupUng teacdon. This 
a&nlonio pacliteval prodrug was highly water soluble (>20 mg/ral). The release ef 
eeeiltaxel h> phnarmafr buffered solution {pH 7A) from PEG- g cc bU trl eonjugam was 
bsphasle with t^ or 42 mm and t tnA of 61 me. PBO-pacliuxeJ conjugate mhlhitcd 
growth of Bl6 maUnoma eeibj to an extent slmilor to that of paclaaxal. Ia MCA-4 
mami u ai y tunorbearias rrdca, a atngle dosa of PBf3-pacflttaxei (40 rag esnav. jtmeii- 
taxel/kg body weight) delayed tamer growth. The average number ef daya tumoa 
required to reach 13 mm ia diameter facraaaad from 6*5 daya fee control animaJe m BJ 
days for PEO-poeiit*xe< treated aramaU end 9A days for paeUtaxel treated animals. The 
reaades indicate that vr6tea>ealuble polymer can be used as soJubttlaiag agent for 
paeBtoael and that the polynter-paeHhaxat conjugate preserves ha In vitro cytotoxicity 
and to a leaser degree, tta In vivo antihupor efficacy. 



#2570 WedDciday, April 24, 1996, o^0-l2KJ0, Poster Section 13 
Cytotoxic and amtittttner aettrtty of vrater^oiubto paeiitaxel prodrug. U. C, Ya, 
D-F_ Inoue. T>. Y*nA r>X, MUss, U, Huaiet. N.1U VVaUaea. S. Univ. Teea* M.£K 
Anderson Cancer Or, Houston, XX 77030, USA. 

Because of Its poor water solubility, pectruuei b clinically formulated with Cmmo- 
p horn d alsohoL This vehicle is hJologicelry active with toxic effect*. Wa ayntheslxed 
a zrrpA-paelitaxel eonjugate wfth improved aqoeocc joidhiUty (>20 mg/mf) and 
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ufatcMtlratad fallowing aikytatlon. The mutant C146A, wWch c*nf»t react with 
fallowing alkylstlon at the active ana is degraded by the uUqwitWprotsasomaf 
pathway. 

#2557 7*rfydroxys^ijmspOrtne (UCN-01J mhlbtta nw^tWe ejtetojon re- 
^mUX^T^i^a tetefBction. Jiang. H. U U jnd Vans. 

UC^rai«*k> PKC inhibitor, has recertify bw B^wj^»fl<^ 

Smasing^tB. Since DNA damage^iiduced ^G2 ISnS^SsJ 
DrwX^oair fcSfore ceils enter mitosis, UCN-OVa efcreoaticn <*^"5™£ 
^ ^ UG*01 inWbita ONA repair. Wa detertTik^whowandh^ UCfWJI 

to chptetlrvtreatsd A$4a human king cancer ce*a resuttcd »t a 40* wcrpaflfl at 
otaDrtallon. whereas the intracellular accumuJallan of platinum ramamaa iuw- 
SSd^«^X> repair esaay using ^^«xtr^J^ . 
modified pfawrtd as the aubstrate. tha extracts t^^^l'tSS^f^^! 
shewed a marked reduction In NER capacity cernpared to ^Jff^ 
terparta; the affect was UCN-01 dess-dijpendent (ICoo-iaS nM). Althwiflh 
UCN-01 Increased the expression of XPA and EP^re^p^^Utredui^ 
tha translocation of ERCC1 to tha detergerrt-tosoiuble, DNA-bound fraction, the 
ratio of EHCC1 to XPA in tha IfWotaWe fraction dacreaadd aa tha c«x»ntr*tton of 
UCN-01 Increased. Incubation of Imrnobtod MBP-XPA fusion protein wtth ly- 
Bates from UCN-01 -treated ceil* revealed that UCN-01 (250 nM) reduceoJgOCI 
Binding to XPA toy 64%. aa measured by western blotting with an anti-ERCCI. 
These .results show that UCN-01 inhibits NER and that the Inhibition may result 
tom UCN-01 -mediated attenuation of tha SKJC10CPA Inter action. 

#2858 PhoephorylaHon of tha DMA repair oretaCn, 0»^lkyl^«nirja DMA 

aJXyrtrarwfer.ee (AGAT or MQMTJJn *«T!l^*rS!!^E^^ 

K.3., Shou, J„ and AB-Oaman, F, UTKL a Aiutorwn Cancer Center. Houston. 7X 

7? S2t»vat»on of ASATto improve tha efficacy of chioroethyladng and metfiytat- 
^o agents la a current cfinfca) strategy wtth much promise. However, tha recu- 
SSc^of AWT function by pcat^rartalaltenai "f^^"* ™J2g*Z 
expkstoilon to Improve char^ 

examined protein phosphorylation ae a roflutetory meorwilsm for AGAT Inthe 
human medullobiaetama cell Una, UW228. r 
ATP Showed Mg** ton dependent phoaph 
Exposure of UW228 colli to M P-lnorganlc 

Immunopraclprtaflon 0p) ahowed the existence or awm «* u n*»«w«v«wn 
under pbyefctoaicai condRlone. Both tyrosine ^^^P*^^^^"^ 
identified by t comWnatien of to and West^ 

extracts uatng alkaiine phoephatase resulted In a algritfteant lea* of AGAT activity. 
Treatment ofthe recombinant AQAT protein with purified protein Mnaeea tad to 
Increased AQAT activity. Thaao data pAWtoetoa first evidence for AGAT phos- 
phorylation and suggest reverelbte prxiapborytatfon «JJ^rr^fi^ to 
control the actMty levele of tha DNA repair protein Supported by R29CA74321 
Orant). 



Potonflatton of tamozotomlde and topotaoan growth Inhibition 
and eytotoxtchy by poh/(AOP-r1boeo) pofymanaee ^ARPJWW^toa panel 
Of human cancer ceil Imee. ^Delaney. CA, 1 VVung. L-JL* ^KyJe, 3- "SrWvaaan, 
s_ «wnlte, AW., 'Curtln. tLU ^Calvert. AH, ^Durkaca. and *Neweu, D.Ft 
'Cancer Raitwtch Unit, 'Oeparfmeftt OTQhomtStry, UnhmnyoTnf»m8ti»-upon' 
TVne. NE3 4HH, UK. 

/fihlbltton of poMAOP-rlboaa} potymerw (PABP). a nude at enzyme Involved fn 
the repair of ONA atnend breake, can potandatotrwcytotwOcnycif (^o^ru^ 
agents. We have tooatlgatad the abUtty of 2 ciaaaee of PAJRP Inhfeftorai- a 
quinezoOiona (NU102B, PARP fnhasftton KJ SO nM) and a bendmldittofe (NU10&5, 
P ARP inhibition W nM) to potenbtte the in vhvo acOvfty of tha monofuncttonat 
alkylating aoent t«n«olomJde fTM> and the topc^acnwao I Jr^ltDrtopctocan 
(TPT). A panel of human tumour celt tinea.*- HT2fl, LdVo, UB174T (coion), MOF-7. 
T47D. MDA-231 (braau^. SKOV3. A278©, OAW-4a (ovarian) end A549. 0O«U^ 
KS22 (king) ware treated with kiGraastng ocricantrattona of either TM or TPT 
together wtth NU10&S (10 jiM) and NU1023 (SO and 200 hM). Potentiation of 
growth frihftsmon (73 h conteuoUa axpoaura, SRE aaeey) varied between eel 
tinaa. and waa 1^4 fold for TM and 3.5-6 fold for TPT 0 » 2-3 separate 
experimental CtonOflOfite survival assays, undertaken In S Of the 0*9 Knee, 
cottftnwd potentiation of TM and TPT toxicity. NU1086 (10 pM) prevented 
poly(ADP-r1boae) (polymer) formation in Intact AS 40 ceBa as damomtteted by 
frnniunofluoreacencaw 



#2060 Mdrrt2 eenaltlzee bnvsst < 



oatla to d&p latin or oarbopiatin. 



Smith, M,L. kvfono Unfvanfty Cancer Cenier, Depfc f^f^^ 0 ^^ 9 ^ 
WWher Oricolboy OerW 
4S20Z, 

Claplatin and other platinum compou n ds produce ONA taalona that aMn to 
those produced by UV-Ught. ere rapalrad by toe nucleotide exciston repair (NER) 
pathway. We and a numOar of others hava »hown thai MgR la partially defective 



In coUb lacki no ftmcttonat p53, end that coto backing fw^Jonal p63 ero (in sun 
cefiSotounoa} prefamntially senaltteed to DMA-damsgJig aganta U 
nSlB^^dffirlBecauaa Mdm2 appears to regulate pS3 m ho^cefia, ar 
o^oantoS aome canoera Including breast cajcars. w teatod vrtwtt 
alppreeatoTof p53 by Mdm2 would racapftutete the effect of p$3 fnutojon or lor 
^ P NSand pSSum aemMt^ltyl^WFT ^^ rtC ^^^ k ^° f 2 
stably transfacted with Mdm2 are eanslUzed to ctoplatln orcaibc^^Th^i? 
In pa*" euppreaston of NER corv^omftant ^^^^.S^IS^ 
effectora e-a Oadd46. pS3-lndependent macr^nlsme, poaaJb^ ratetodto o 
cycfe^bS. mayatoo contribute to platinum eenaHhnty. effects of Mdm2 a 
being atixfleo In mutant-pS3 breast cancer Cnee- 

#2661 Inereaaed poly (AOFMlboae) polymerase expression, activity, at 
ielEfthW toTon^fl^lKw to DU146 cello espoaed to human recomt 
lm!iS^»Zmt^l2^ D^mowsW, J.W., Goulette, FA. Whartonby, KA- f ex 
cXareaTp^pt ToTwad. ©rown Untox&y entf Rhode totond rkupOal, Prx» 

Hon cm, fit OSSQC3. 

We reported that evposlna DU146 human prostato tumor ca? 8 to humi 

radiation QRJ m an If* corwa^tratlcnKtependerTt jrmn^nar. Now we report tr 
effect correlates with an kicresse m poV (ADMbose) pofyrrwsse PARP) e 
prsaalon and intmceOular NAD* ocrtient, both of which are ^QJoemrHUi 
dependant iFN exposure abo increaaeB PARP activity. Expoaing DU145 cetia 
tOQy of IR reduces IntracalMar NAD"** pools by -20% which than return 
rormal within OOmin. m IFN pre-expos©d (24h) cefla. 1 0Oy reducaa NAD* by 50 
end this pool does not return to normal until 4~5h later. To further evaluate ti 
relatlonanto between W*N exposure, aanartMty to IR, and «^wjJK«Jn PAf 
funetlcrv'aatMty, d^lno**enf2emlde &AB), an inhibitor of PARP activfty, w- 
employed. A 2*h exposure to 1 J5mW 3AJB (ssrlf^WJ does not effect aensltlwtty to 
in theea cells. However, tnfe exposure to SAB does Increase PARP expression 
a degree simitar to that observed after IFN (*3AS) exposure, Rna«y, a pr 
exposure to 3AB (£IFN) praventa NAO* pool depletion foDowtng 10Sy of I 
Thsaaflncflnge ravoaithat R=N exposura fnoreaaea PARP expression and activi 
mthla modal. However, It la tha inorease &i PAW ectMty which comalaloa wl 
inoreased aenamvlty to IR. The caftuter and therapeutic eor«Bquanoee of the? 
will be diecuBSed (RIH and TJ Ivtortall Foundation). 



.. Reletlonshto between unscheduled DNA eyntheala end Increase 

the expreaslon of Hbonwaeotide reductase protein in chronic fymphocyl 
leukemia odta. Rodrtgues. M. and Gandhi V. The Un/vwtity of Tern W. 
AndDRKH* Cancer C^er, Houston, 7X77030. 

• Modmcattons In the regulation of aniytnea may be required for ropalr of Of 
damage caused by tharapeutlc agenta. Enjcymea such as rtbonucJeotido redu 
tssa (RNR), neoeasery for DNA repfication, are found at low endogenous leveta 
outeacent cells. We hypothesized that In such ceils WtiotJon of DNA reps 
causad by afcytatina agenta euch se evetophoanhetttida, wffl result in a need f 
deoxyrUiClaotUes. To synthaatoa daaxynucteotidea. there may be an foresee 
the protein levees of rlbornjctootlde raductsse. Primary human chroritolvmph 
cyb'c leukemia (CUJ cells were uaed as a quk»cont ceB model system. The cs 
ware treated wfth 4-hydmperOa<yoyctof>hc^ 

age. Inoubation wtth 4-HC at^taoftdeOaWforuptod hours resulted m 
dose- and time-dependfirtt tntreese In urwchedulod DNA synthesis (UD6), t 
rrieaaurad by prflthymidJne Iricorporalion. ParaJtal detamtinationa m these ce 
demonatralad a irMdlan 1.6 fold Orange 1.0-2^ increase in the expression lav 
of the M2 subuntt of RNR. In contrast, protein tevotoof M1 subunJtef RNR we 
on altered. Tha variability of respond amoog patienta In tha M2 suhunit levela U 
us to axamlne the correlation between the RNR expression and UDS, Thens w 
a •snaarcorrehdton between M2 protein expieaalon and PHfthyrrtiolne incorpor 
Uon (r - 0.91. p - afl02) in CLLceHs exposfld to 10 uM 4-HC for4h(n - ' 
These results suggest a potential role of RNR fn the DNA repair proo 
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#2663 Dtooumarol and eAoptainol etfecte on MMC-tnduced toxicity « 
CHO DNA repair deficient eel) Unas. Pritsos, Karen U Brlggs, Laura A. ar 
Prttaos, Cfirts A. Dept o/NWrWon end Environment^ Scfcncas end thidlh Po 
gram, UrtM of Nevada, Reno, rW 38557. 

Mitomycin C (MMC) la a dinlcejiy important anticancer agent which requfn 
btoraduotrva activation In order to exert Its toxicity. Enzymes Involved m MM 
activation inc&Jde OT-cikiphcraao, xanthine oxktaae, xanthine darrydroganas 
cytoenrome b$ reductase and NADPH-eytochrorno o reductase. MMC*a pu 
ported antineoplastic mechaniam of action involves drug -DNA Menttttana. 
aeriae of DNA repair deficient OHO calls previously developed have vary* 
sansWvmaa to MMC. Th* wtous ceU tnea are doflcW in dlff&ront type* of 
repair. The mutant CHO cell lines, lA*. UV20 and UV41 am denVed from Ar% 
CHO ceiit and h-vH tha Mtowino relative ssnsitMtie* to MMC (UV^ ^ UV2Q 
UVS > AA8). Wa determined the OT^phorase, xamWne oxidase and xanthH 
dohydroflcrta^ actMtieB In tivBoe call rtnoa. We subaequentfy dotsrmlned MM 
toxicity in thaw various cell Unas m the presence of the OT-diaphorasa Inhibltt 
o^evmafot end tha xanthine oxklBsa/eahydrogenaae Inhibitor aDopurlnoi. Aft 
purincl did not provide any protection from MMC toXJcrr/. The addWon of d^a 
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Enhancement of human recombinant tumor necrosis factor (rTNF) effects on 
a rat gltoa* mood by concomitant Injection of murine rccambi nam intericuWrt- 

V/rignt, J.U Merchant, RJL Medical COUcfic of Vlrgrnia, Richmond, VA 23298 
We flOm|gtaeneg Human rTNF (Cfcius) tnir»iumor*ijy clincr atone or la 
combination with rlH (Do Pom) to Investigate any amplifying effects rIL-1 may 
hxvc on rTNFB aaii-uunor actMiy. Syngeneic RT«2 fjtfoma oeus wmo Injected 
Jato a parietal (Ote Fischer 344 rata. Animal* received a ttfitfe 5 ol Stereotaxic 
injection of 6ilO*U rTNF ptna 3lD ug fT+1), CTrtatont (T+I-E), or dsUTU 
rTNP alone After 9 day*, models racet«ed either TH, Tt-W£, rTNF or no 
treatment T+I significantly Increased weight loss and temperature, increase one 
day poavinjccUofti weight toss was only ttgnificant in T+I model*, averaging 
12,5% ot UtWal body weight whOe rTNF and T+I-E recipients did not differ 
significantly from untreated controls. Both T+I and rTNF Utootom 
ilgniQcaaity raised core body temperatures; however the T+I effect was higher 
than rTNF, 1.1 S°C vc respectively. All oiher mooats showed either ho 
iecrcase or a decrease of op to 2*C in mean body temperature. HhrtotogicaJ 
undies oT the injection site of T+I recipients Indicated aa Increase In 
hemorrttaglc areas and leukocytic iaOliaiioa at levels equal to or surpassing 
those seen in rTNF IC infections and exceeding . those seen In untreated or 
cnapicttutrcfttod models. These preliminary studies suggest an additive or 
synergistic role in total and systemic uoxldiy and anti-gHama effect of rTNF »&4 
^tgl when , - 
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Enhanced Icstmnogenieity of a Non-HZ Expressing Murine 
Tumor That is Producing 1L-2. ] 
Frost. P., Hunt, B.« and Uaya. T. The University of 
Te*a$ h.d. Artdersdn cartc«r^*Center t Houston. TX 

77030. 

CBA-SPl taurine adenocarcinoma cells transfected 
with the IL-2 gene (5P1/IL-2) express 20-25.000 U/ml 
of IL-Z. While the parent SP1 cells are highly 
tumorigenlc (Jusf), SPI/IL-2 cells fail to grow fn 
syngeneic hosts. SPL/Il-2 cells engender a - CTL 
response that Is Inhibited by ant CDS antibody , fa 
vftro. All SP1 cells express Class It KHC antigens 
but unlike SPl/lFM-r cells, SPl/IL-2 cells do not. 
express Class I NHC antigens. SPl/It-2 are similar 
to 5P1 cells expressing a viral gene (HA)' 1n that 
they are IMJC but are not able to protect against a 
challenge with parental 5PJ cells* Protection- seem*. : 
to reoalre the expression of Class I KMC antigens* : 
The role of paracrine lyetpboklne production by tumor • 
cells In tumor rejection will be discussed ♦ 
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Interferon-? UFH- T ) enhances the cytolytic activity of 
tumor necrosis factor (TUP) and decreases TkT-1nh1bttory 
protein (TIP). 0*mb1n$k1, V.E., and Ip, M.M. Roswoll 
Park Cancer Institute* 666 Elm St,, Buffalo. HY 14263. 

Various studies have demonstrated that IFN- Y 
increases the antltunor activity of TNF. We have 
observed that IFN-v Increases the cytolytic effect of 
TNF on hwean colon adenocarcinoma HT-25 and human 
bladder transitional -cell papilloma RT4 cells even when 
IFM-y was added to the cells after reaoval of T(tfV This 
suggests that processes other than upreguTetion of the 
TNF receptor may account for the synergism of these 
agents. In an attempt to establish the ewchenlsm of 
this synergy » we assayed the level of production of TIP 
by human peripheral blood leukocytes as well as 

by several cell lines. TIP has been Isolated by. us from 
lfi.0 cells and PBt, It is a 26-28 kite protein whleh 
decreases the susceptibility of cells to the cytolytic 
activity of TNF. IFM-v reduced production of TIP by all 
: cell lines examined, suggesting that IFN-v may Increase 
the sensitivity of«er target cell to the cytolytic effect 
of TUP by decreasing production of TIP. Supported by 
" 24508 and Asahl Chen. Co., Ltd. 
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Transcription and secretion of TNF and It- 1 fVom*a«nocytea 
activated by llposome-encapsulated Muraayl TrlpjpWfeKvrK* - 
Kaeda, Knowles, R.D., and ttolneman,: \ P.X r iH;to 
Anderson Cancer Center, Houston, Texas 77090 , h J ./ • 

Hurawl trl peptide phosphit1dyletrmrH>+sm4n* taTT^PClw.. 
an analogue of MOP, can be Incorporated Into Mc*scm^>Ujy ... 
HTP-PEJ. L-KTP-PE 1n vitro stlaaji ite4 stoogevte^^ to 
selectively kill tmoor cells. Furthermore, rzt&ftmnif&fo.- 
of monocyte tumorlddal function wa^ dcxumstra4^fo^ow4ng 
the t.v. Infusion of L-KTP-PE In ^tteflt*.- The^ayoos*. 0? 
this study was to determine the mechanlwar byi wHl^^TrlTP^Pi 
activates monocytes. Konocyte tuaoricloal fuAct^;i»«l4iJ*ed I 
to both IL-1 and TNF. Therefore, normal human amfftoM^ware 
Incubated for with L-HTP-PE. empty liposomes, o^M«uiKvr.tTM 
supernatant s were removed and assayed for Tt« aact-lt-K <TW . 
was detected after 4 b Incubation with L^rV^fc but T»t 
empty liposomes or medium. TNF- secretion. oeefceoV ad^rneakwi 
decreased by 72 h* This Increased THF was a&socVatect with 
an 8- fold Increase In TNF mRNA. IL- L : secretion was- c^tected 
after 8 h, peaked by 24 h and decreased by* 48 bv*. THesodata 
Indicate that U-HTP-PE activates monocyte tUBorlctdi) 
function through transcript lonal enbanceaent of tTNF^ |passihly 
IL-1) and subsequent secretion of both lL-i and, Tb^FvWj'.-.xa 
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Ohh fe rt ory role of 




Center, Houston. TX -77030. 
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r Ncerpsis Pactor-<t phrya 0 pMxsl rc4e » wmaraUcm 
4 ccUtrfar tf^u&kSty CAiX^> by PDl^ The kioctic of 
ilADCCpoWmtW by FBL cultured under wrfcroscood 



? potantad by PBL cultured under vnrtov eomQdons (la 
2 eftwm, fn VUZ + TMF> and m TNF atone) were itu<ikd The target eclb used 
were human melanonm oeU Saca, SK-Mel-i and Mel RP and the antUumor 
twraocJonal omibody »cd w» l+OZ«, Mi\ch recognkes OO^ ^tope*. Watte 
FBL cultured to IUZ atone meolated mmdmam aDCC after 24 bourn of 
oofture, addition of TNF to aeUvatton cultures resulted in enhanced ADCC 
which persisted for as tongas 72 hours. SurprWagh/, culture of to TNF 
atone also sntnwmed ADCC fee up to 48 hours. The tioIchJomeiry of Fc 
rcetptor (FcF) expression on effectors did not reveal any correlation to the 
ADCCczh&kcdby thenv However, preincubation of the effectors with enti- 
FtR nasttmeaw bloemed AQCC Thus, atihough FtRs are necessary 10 mediate 
ADCC, other radon Including TNF and/or lLr2. regulate the degree of 
ADCC media t ed. Neither exogenous TNF nor enti*TNF antibodies added mi 
the time of the cytotoxicity essay had say effect on ADCC, However, 
addition of unU-TNF a nt i b o d i es to FBL during nedvatton cutting wiih !W. 
rmuliedto i^erked inhibition of the ADCC, dcrnonitrating the crucial role of 
TNF throughout the actwwton pho»e of AiX:C eilr&oTx. 
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Inhibitors of polylA0P>-r1 bos*) polymerase modolatoithe? resiss 
tance of SK0V3 cells to the cytotoxic: and 0^cteg&ad«U^u 
effects of tumor necrosis factor*. Ltehteiistmin 2 . »:,^Wi4Vews; 
0.. and Hare; C.F. VA wadsworth-UCLA m*d. Ctrv end Wrtv^of 
Cal. at Riverside, Us Angeles and *U*t%4 dt* ,C*i±> ^ - 
The mectwutisB} of resistance- to thV cytoto ji If ^a ct ♦ on of 
tumor necrosis factor (TNF) was Investigated 1'n 'SstnTl dvo^ - 
rlan cancer cells which over-express HEF.2 oncogenes.'' The " 
TNF receptor on 5K0V3. cells demonstrated nomaT, binding. pa-, 
rameters (KoVO^SnM and 500 sites/cell). Resistance)' .to TNF. 
was not reversed by Inhibitors of protein synthesis or the 
glutathione cycle. Although SK0V3 cells showed ng.^etacta- 
ble DNA strand breaks during exposure to JNP, activation of 
the enzyme pol y ( AO P-ribose) polype rase jPARP) occurred which 
was Significantly greater than that Seen 1 1n ThT-sensitive 
L929 targets. Sinee PAftP has been Implicated irv-DNA repair, 
we tested whether efficient repair In SK0V3 Celts, part Id- ' 
pa ted 1n resistance to TNF. A»1nobenxa»1de' (ABA) and nico- 
tinamide, ^inhibitors of IJARP, sensitized SKOVJ cells tb\ 
TNF-medlated cytotoxicity in a concentration~e>pandent fa- 
shion concurrent with the .Induction of DNA strand. breakage. 
In contrast, ASA diminished TNF cytotoxicity of 1929 cells. 
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Interactive effects of inhibitors of poly(ADP-ribose) polymerase 
and DNA-dependent protein kinase on cellular responses to DNA 
damage 



SaUyanne Bouiton 1 , Suaanne Kyle and 
Barbara W.Durkaca 1 

Capcor Rwcarth Unli, Medical School, University of Nowoultc upon Tyne, 
p^ttrtiington Ptaco, Newcastle upon Tynt NE2 4HH, OK 
(pmexit address: Oep&rtntsni of Ophthalmology, Mundsesisr Royal Bye 
Hospial, Oxfbni Road, Manchester Ml 3 9WM, UK 

*Tb whom cofTEspoodeace sbould be a d dr e^wnrf 
EinsH: b.w.dwrkaca@nowcssdeuic.uk 

DNA-dependent protein kinase (DNA-PK) and poly(ADP- 
Hbose) polymerase (PARP) are activated by DNA strand 
breaks and participate in DNA repair. We investigated the 
interactive effects of inhibitors of these enzymes [wortman- 
nta (WM), which inhibits DNA-PK, and eVhydroxy-2- 
methylquinazoUn-4-one (NU1025), a PARP inhibitor] on 
cell survival and DNA double-strand break <DSB) and 
single-strand break (SSB) rejoining in Chinese hamster 
ovary -Kl cells following exposure to ionizing radiation (IR) 
or temozolomide, WM (20 uM) or NU1025 (300 uM) 
potentiated tbe cytotoxicity of JK with dose enhancement 
factors at 10% survival (DEFjb) values of 4*5 * 0.6 and 
U7 ± 0.2, respectively. When used in combination, a DEF IB 
of 7.8 * 1.5 was obtained. WM or Nt)1025 potentiated the 
cytotoxicity of temozolomide, and an additive effect on the 
DEFto value was obtained with the combined inhibitors. 
Using the same inhibitor concentrations, their single and 
combined effects on DSB and SSB levels following IR were 
assessed by neutral and alkaline dution. Cells exposed to 
IR were post-incubated for 30 mm to allow repair to occur. 
WM or NU102S increased net DSB levels relative to tR 
alone (DSB levels of 1.29 ± 0.04 and 1.20 ± 0.05 t respect- 
ively, compared with 1.01 ± 0.03 for IR alone) and the 
combination had an additive effect WM had no effect on 
SSB levels, either alone or in combination with NuluzS. 
SSB levels were increased to 137 ± 0.05 with NU102S 
compared with IR alone, 1.02 ± 0.04, The dose-dependent 
effects of the inhibitors on DSB levels showed that they 
were near maximal by 20 uM WM and 300 uM NU1025. 
DSB repair kinetics were studied. Both inhibitors increased 
net DSB levels over a 3 h time period; when they were 
combined; net DSB levels at 3 h were Identical to DSB 
levels immediately post-Eft The combined use of DNA 
repair inhibitors may have therapeutic potential. 

Introduction 

ionizing radiation (IR) produces a complex variety of lesions 
in the DNA which give rise to DNA siagle-sttsnd breaks 
(SSBs) and double-strand breaks (DSBs). either by chemical 
decomposition foUowing free radical attack or as a result of 

Abbreviation*; DEPio* 4o» enhaocoraem &cior a* 10% lurvjvU; DMSO, 
iSyT^toxiiTDNA-PK, ONA-deptiKfem protein kirtwe; DSB double 
rt^b^^onmixE Wli^on; PARP, ooiy<ApP-ribo«* ~tvmem«: 
RR, relative retention; SSB, single-*rartd break; WM. wortn 

O Oxford Unlvertlty Press 



the early steps of DNA repair pathways. Two important 
enzymes, poiy(ADP-ribose) polymerase (PARP) and DNA- 
dependent protein kinase (DNA-PK), bind to, and are activated 
by, these DNA breaks (for reviews, see rcfa 1-3). Mutant cell 
lines that ore defective in either the catalytic subunit (DNA- 
PKcs) or one of the DNA binding subunits (eg. Ku&0) of 
DNA-PK are unable to repair IR-induced DNA DSBs, are 
defective in V(D)J recombination and are highly radiosensitive 
(e.g. refs 4.5). The fungal metabolite, wortmannin (WM). 
inhibits DNA-PK and thereby inhibits DSB repair and potenti- 
ates IR-induced cytotoxicity (6-3). Prevention of DSB 
rejoining by WM has also been demonstrated in cell-free 
extracts, thus substantiating the direct effect of WM on DSB 
rejoining (9). Although WM is not s specific inhibitor of 
DNA-PK, as it also inhibits phosphatidyiinositol 3-kinasc (PI 
3~K) and may potentially inhibit the ataxia telangiectasia gene 
product (ATM) (both of which share active site homology 
with DNA-PK) (10,11), lis use has identified DNA-PK as a 
potential target for developing drugs that sensitize ceils to IR 
via inhibition of DNA repair. 

Potent PARP inhibitors have already been developed with 
this aim in mind (12-14), and have been shown to potentiate 
the cytotoxicity of alkylating agents and IR. For example, 
Bouiton at al. (15) demonstt-ated that the PARP inhibitor 8- 
hydroxy-2-me.thylquinazolin-4-one (NU 1025) potentiated the 
cytotoxicity of the monofunctional alkylating agent tcmozolo- 
mide and this correlated with an inhibition of SSB repair. 

To date, a large body of evidence has pointed to on 
involvement of PARP function in the base excision repair 
pathway, which generates SSBs as repair intcrmediales. Indeed, 
the observadons of potentiation of the cytotoxicity of DNA 
damaging agents and Inhibition of SSB repair in early studies 
using inhibitors (e,g. ret 16) have now been finally confirmed 
in PARP-deflcient ceil lines (17). However, the possible 
function of PARP in DSB repair has been largely neglected, 
although Benjamin and Gill originally demonstrated in 1980 
that PARP was activated by DSBs as well as SSBs (18), and 
this has more recently been confirmed by WcinneJd et at. 
(19) who showed, using highly purified enzymes, that DSBs 
activated PARP with almost eoual efficiency as SSBs but that 
DNA-PK could only be activated by DSBs. Moreover, two 
reports have shown mat the rejoining of DSBs induced by die 
etectroporarion of restriction enzymes into cells was delayed 
by the classical PARP inhibitor, 3-aminobenzamidc (20,21). 

The aim of this study was to investigate the single and 
combined effects of NU1Q25 and WM on cytotoxicity and 
DNA damage repair induced by IR and temozolomlde in cell 
culture. The results provide promising prospects for enhancing 
the efficacy of radiotherapy and temofcolomide via the com- 
bined inhibition of mechanisdcally diverse DNA repair 
enzymes. 



Materials and methods 

Material* 
WM was 
dimethyl 



from Sigma (Si Louis, MO), tt 9m dissolved in cntiydmu* 
> (DMSO) flf ft stock concentration of (0 c&M end stored 
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SJtoulton, SJCyle and B,w,purVncz 



at -20"C Km 025 was provided by the Newcastle upon TYne Ariiicancer 
Drug Development Initiative (ADDD (Newcastle upon TVae, UK) orxl Iw 
synthesis has been described elsewhere (13). Tcmorolornide was a ^ift 
from Professor MJ*G,Sievens iCancer Research Laboratories University of 
Nottingham, UK}. Ntf 1025 nnd temozolomide stock solutions were prepared 
in DMSO ai 100 mM. Solvent concentrations in cell culture experiment* were 
kept constant and at <1% by appropriate additions of DMSO. 
Celt culture 

CHO-Kl cells were mointsised as monolayers in RPMl 1640 medium (*irppk- 
men ted with 10% fetal calf serum, glutaxnine and antibiotic*). H£PE5 and 
sodium blcarbooam were added ot final concentration* of IB and Jl uuM, 
respectively. ClonOfienic assays wore performed as previously described (6). 
Briefly, calls as monolayer* were pmjncubatcd ± WM ± NU1023 far 1 h prior 
to exposure to IR, then post-lacubjued for 16 h. CcU» were then trypainireJ and 
rcplated for iiirvi vora in the absence or drugs. Similarly, following a 1 h tncubs- 
tion with inhibitor^), cells were treated with taroozotoroldB for 16 h and then 
trypslnuxd and fepiatcd as above. The data are averaged from at least three 
independent experiments it SE. The dose enhancement factors at 10% survival 
(DEF fa ) were calculated from the survival curves by taking the ratio of the dose 
of IR that reduced survival toI0» divided by the dose ofZR that reduced survival 
to 10% In the presence of inhibit0r(s). 
DMA strand break assays 

The filler eJntioa techniques fox assaying DSB and SSB levels have been 
^ described m detail (22.23), and the radiolebeliing. drug treatment pasc- 
iacubation conditions and temple preparation used in these experiments were 
Identical to those described by BouJton tt aL (6). In nil experiments, cells 
were exposed ro either 6 Oy (SSB assay) or 100 Oy (OSB assay). CeH 
cultures were pretocubated £ NU1025 ;£ WM. for I h prior to expos urn to 
IR, and the compounds remained in the culture medium during the post- 
. incubation periods. SSB und DSB levels were qn and toted as follow*. The 
relative retention (RR) value is the fraction of sample DMA retained on the 
filter when 50% of the internal standard has elated. The RR values of DSB* 
and SSBb in cells treated with InhibitorOO were expressed relative to the RR 
values for cells treated with IR alone (Figures 2 and 3) or to the RR value of 
unirradiated cells (Flgare 4). In each Case, the RR value of the 'control* cells 
was normalized to L0. sod the sample RR values proportionated accordingly. 
Thus, a DNA strand break level of 1.0 indicate* thai there is no difference ia 
DNA strand break levels between the designated 'control' cells and sample 
cells treated with inhibitor^ Data points represent the mean of at least four 
independently dosed samples from two or more separate experiments x SB. 

Results 

Rodiosensitization and chtmopotentiation by WM and NU1025 
The effects of WM and NU1025 on IR-induced cytotoxicity 
were investigated. WM (20 jiM) or NU1025 (300 jjlM) alone, 
neither of which caused loss of cionogeaic survival (either per 
« or in combination), potentiated the cytotoxicity of IR (Figure 
«J). When used in combination, at least additive effects on 
ytotoxicity were observed. The DEF, 0 values for a range of 
• inhibitor concentrations and combinations are summarized in 
Table L Note me very large DEF ]0 value (7.8 :t 1.5) obtained 
for the combination of WM (20 UM) + NO1025 (300 jxM), 
Similar experiments were performed using ternozolomide as 
the cytotoxic agent and the results are summarized in Table 
a Again, both WM and NU1025 potentiated the cytotoxicity 
of temozolomide and the combination af inhibitors produced 
approximately additive effects on the DEF, 0 values. 
DNA strand break levels 

SSB and DSB levels were assessed In inhibitor-treated cells 
30 mi a posMfL By this time we have previously established 
that the majority of DNA strand break rejoining has occurred 
(6). The results are presented as a histogram in Figure 2. WM 
(20 uM) and NUI025 (300 MM) increased relative DSB levels 
from 1.01 ± 0.03 for IR alone to 1.29 ±. 0.O4 and 1.20 i: 
0.05, respectively (Figure 2A). When the inhibitors were 
combined, relative DSB levels increased to 1,61 at 0.03. In 
marked eon most, when SSB levels were assessed, WM alone 
had no effect on SSB levels (0.98 + 0,04 compared with 1.02 
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GRAY 

Fig. 1. Effects of increasing doses of IR on clonogenic survival in the 
presence or absence of WM and NU1025. B. IR alone: tR+WM (20 
UM), Q. )R + NU1025 (300 uM); A. IR + WM (20 uM) + NUI025 (300 



Table L Comparison of die OEF, 0 values derived rram IR survival curves 
using a range of inhibitor concentrations and combinations 


WM(UM) 


NUI025 








OuM 


100 uM 


300 pM 


0 
5 

20 


1,0 2:0,1 
«i 0,6 


1.1 i 0.1 
3.1 £ 0J 
3.9 * 0,7 


1.7 ± 0.2 
Not done 

7.8 ± 1.5 




TaMe n. Comparison of the DEF, 0 value* derived from 
survive) curves using a range of inhibitor concentrations 


teroArolomide 
and combinations 


WM (uivfl 


NU1025 








OuM 




100 UM 


0 
20 


1.0 * 03 
Z6 S: 0.2 




2.6 ± 0.6 
43 ± 0.7 



O- 04 for ^ alone) (Figure 2B). NU1025 increased SSB 
levels to 127 ± 0.05 and this value was not changed 
signulcanUy by co-incubation with WM. 

Although WM potentiated the cytotoxicity of ternozolomide, 
it was not possible to detect DSBs by neutral elgdon. even at 
concentrations of temozolomide as high as 1 mM. We have 
previously established (15) that NU1025 increases temozolo- 
rrirta-indueed SSB levels and therefore no further investigations 
of the inhibitors on temoxolomf de-induced DNA strand break 
production were undertaken here. 

A further study comprised a comparison of the dose- 
dependent effects of the inhibitors on DSB levels 30 rnin post- 
IR. Tee results are shown in Figure 3. Both WM and NU1025 
increased DSB levels in a dose-dependent manner (Figure 3 A 



Combined DNA repair Inhibitor* 



<3 1.6 



1U2 




IR+MJ30O 
+WM20 



3 1.3- 



1,1 



1.0 



B 




i 



ift+WM 20 IR+NU 800 
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2_ Effects of WM awWrf NU 1 025 on DSB and SSB levels. Cells weie exposed tolROOOCy for DSB, end 6 Cy for SSB assays), to ^Jf**™* or 
!o^^^(ab^^ NUioS aOOMMrCells we* posLlncubated for 30 cnin before harvesting for elution essays. (A) DSB **** (B) SSB assay. 



and B, respectively), but 300 uM NU1025 was required to 
achieve an increase comparable to 20 nM WM. 
Xintlics o/OSB repair 

The effects of WM and NU1025 on the kinetics of DSB repair 
following exposure to IR were compared over a 3 h time period 
and the results are shown in Figure <k In the absence of the 
inhibitors, DSBs were rejoined rapidly with the m&jority rejoined 
by 60 rain. Although a small amount of DSB rejoining initially 
occurred during die nrst 3D min In the presence of WM (50 
|iM), DSB levels subsequently increased up to 180 min post^ 
irradiation (1.53 ± 0.04 for IR +• WM compared with 1.04 * 
0.01 fbrlR alone) (Figure 4). The production of these additional 
DSBs was not attributable to a direct effect of WM on the 
integrity of DNA, as we have previously shown that prolonged 
incubation with WM alone did not cause DSB formation (6). 
A possible explanation for the formation of additional DSBs 
observed, in particular since supralethal doses of IR (100 Gy) 
have to be used to detect DSBs by neutral elution, is the early 
onset of DNA fragmentation associated with opoptosis. Finally, 
the inhibitors were combined, in this case with the WM added 
prior to exposure to IR, and NU1025 added immediately after- 
wards to preclude possible interactive effects of the drugs on 
DSB production during IR exposure. (We have found It necessary 
to add WM prior to exposure to IR to obtain optimum inhibition 
of DSB repair.) In this case, approximately additive effects on 
DSB levels were seen throughout the 3 h time period (Figure 4) 
such that by 180 min the net level of DSBs was about the same 
as immediately post-JR, compared with the almost complete 
rejoining observed in the absence of inhibitors. 

Discussion 

As mentioned in the Introduction, molecular evidence indicates 
that PARP interacts with DSBs as well as SSBs. PARP has two 



zinc fingers, both of which are required for SSB binding, but the 
first alone suffices to bind PARP to a DSB* which also acts as a 
more potent activator of PARP than a SSB (24). Chung el a/. 
(20) showed that 3-ami nobenzarnide increased chromosomal 
aberrations and retarded repair of DNA damage resulting from 
the electroporation of restriction enzymes into cells. Bryant and 
Johnston (21) also demonstrated an effect of PARP inhibitors 
on the repair of restriction enzyme -induced DSBs. Numerous 
publications have shown that PARP is involved m sister 
chromatid exchanges and gene amplification. These observa- 
tions have led to the proposal that PARP may function to prevent 
spurious recombination events at DSBs in the DNA (2). 

The data presented here clearly demonstrate that inhibition 
of PARP, as well as DNA-PK, retards DSB rejoining. We have 
considered the possibility that the effect of PARP inhibition 
in increasing DSB levels could be an artefact of the neutral 
elution assay allowing the detection of a low level of SSBs, 
since they are the predominant lesions produced in irradiated 
DNA. If this were the case, the effect of NU 1025. by increasing 
net SSB levels, would be to apparently increase DSB levels. 
However, it has been clearly demonstrated that excess SSBs 
do not interfere with the DSB assay used here (25). 

The additional DSBs. as defined by the neutral elation 
technique, obtained in die presence at NU1025 may arise 
because of a retardation of DSB rejoining. Atematively, they 
may arise from a subset of IR-induced lesions being converted 
to DSBs. For example, proximal SSBs on complementary 
strands could be stabilized and repaired by a two-step SSB 
repair process when PARP is functioning; when PARP is 
Inhibited, these could convert to DSBs. This is 6 distinct 
possibility since IR produces localized clusters of multiple 
damages, which in addition to producing DSBs by direct 
chemical reaction, will have the potential to convert to DSBs 
during attempts at repair (26,27). 
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activate DNA-PK+ and good evidence for this has recently 
been pubHshed. Ruscetti € t al. (34) have shown, using purified 
enzymes, that the kinase activity of DNA-PK is stimulated by 
poly(ADP-ribosylarion) of its catalytic subuniL 

Mice lacking PARP and/or DNA-PK stc viable (33,35,36). 
which is en important consideration in radio- and chemo- 
therapy, as specific inhibitors of these enzymes should therefore 
exhibit no systemic toxicity. The most recently developed 
PARP inhibitors include 2-(4-methoxyphenyJ)benzimidazole- 
4-cexboxomidc, synthesized as part of the programme of the 
Newcastle upon iyne ADD! group. This compound has an 
ICjo value for inhibition of PARP of 0.06 >iM, compared with 
0.4 jiM for NU1025, and is probably of sufficient potency to 
be active at physiologically achievable concentrations (14). 
Hie evident effectiveness and potency of WM acting as a 
DNA-PK inhibitor, either aJoncorin conjunction with NU 1 025, 
to potentiate IK- and temozolomide-induced cytotoxicity, indi- 
cates that DNA-PK represents another valid repair enzyme 
target for drug development. The additive effects of the two 
repair inhibitors on the cytotoxicity of IR and temozolornide 
may prove powerful tools to enhance their efficacy in cancer 
therapy. 

Acknowledgements 

This wort was supported by funds from the Nairn of England Cancer R««arci 
Campaign, and carried out under the auspices of the Anticancer Drug 
Development tnlodve (APDI), University of Newcaatis upon T/ac, Newcastle 
upon Tyoe, UK, 

References 

1. de Murcia.G. and M^lsaier de MurciaJ. (1994) r\>Jy(At)P-ribc€e) 
polymerase; a molecular rUck>*ensoc; JYtmU Blochem. Sci.* 19, 172-176. 

2. LindablX, SawruMJS v Poirier.O.O. end Klung1and,A. C1993) Poat- 
trans) mionai modification of poly(ADP-ribo«t) polymerase Induced by DNA 
strand breaks. Trends Bloehem. ScL, 20, 405-411. 

3. Jactoon^A (1996) PNA damage detection by DNA dependent protein 
kinase and related enzymes. Cancer Suru, 28. 261-279. 

4. JeggoJE»AH Taootoli.OJL and Jacksoo^S.P. (1995) Menage a irons doable 
strand break repair, V(D)J recombination and DNA-PK. Bioaxsays. 17, 
94 ) 9— 957. 

5. Rmh.D.3.. UndahlT. and OcAlcrt>t (1995) How to make ends mod. Current 
BioL. 5.4«M99. 

<S,Bou!tan^^ Kyle,S„ YalcjnuspeX. and DurkwB.W. (1996) Wortmar«in tf 
a potent inhibitor of UNA double strand break repair but nor single strand 
break repair in Chinese hamster ovary cells. Carcinogenesis, 17, 228S-029C. 

7. Pr)ce v B-P. and YoumeU>L (1996) The PI 34dnase inhibitor wortnuwmn 
seoaitizes murine fibroblasts and human rumour cells to radiation and blocks 
Induction of p53 following DNA damage. Cancer ff**\> fi*> 246-250, 

8. Roswawci&K.E.. YoumetUIJB^ Paleyc*rJS.T. and PcteBJt (1997) 
Radioseaaiiization of human tumour cells by the pbojpnsiklyUnodtoI 3* 
kinase tohibftora wiwrrovwno and LY2S4O02 correlates with mhibition of 
PNA-dependeut protein kinase and prolonged G2-M delay. COa Cancer 

3,1149-1155. ^ , 

9. <3a JC- Y„ Beonct,ftJLO. and Pwvik,LJ». (1996) End-joining of free radical- 
median*! DNA double-»trarai bicaJa In vitro is blocked by the kinase inhibitor 
woxtmaniun at a step preceding removal of d a mage d 3' termini. J. Bid 
Ch«n,271, 1966HM9663. 

10. P© wto,0, BonjoukliaruR., BermmauMAf, ttai. (1994) Wortmanoin, a potent 
and selective Inhibitor of pbosphartdyUnositol 3-kinase. Canc*r R*** 54, 
2419-4423 

11. Hartley.K.O, Ceiyx Smitb.Q.C.M. et el. (1995) DNA-depcodent protein 
kinase catalytic subunte a relative of phoflphaudyUnouitci 3- kinase and (he 
ataxia telangiectasia gene product. Cell. 82, 849-856. 

l2.Suto,MJ„ Tumer.WJl., Arun4cl^uto,C.H, WerbeU-M. and Sebol*. 

Lcopoie\J*S. (1991) Dlhydroiaoquroolinonesj the design and synthesis of a 

new acnes oPpoteet ialnbitDrs of polyCADP-nbose) polymers A*/(cane*r 

Drug Dee., 7. 101-107, 
13. OrtftMRJ- Pcmbertou,L.CU RhodeaJJ. *taL (1995) Novel poUmtinbiUtow 

of the DNA repair enzyme polyCADMbosft) polytaemw (PARP). 

Anticancer Drug Dear., 10, 507-514. 



14. Grfffln,RJ.. Siinivasan^^ White.A.W.. BowmauJC, Calvcn.A.H., 
CUnta,NJ^ Newell .D.R. and GoMlo&B.T. (I99e) Novel bcnzimidaxoje 
and quinazolinone inhibitor* of the DNA repair enzyme, polyXAOP-ribose) 
polymerase. Pharmaceut. Sci., 2, 43-47. 

15. BouUojvS. ( PcmbertorvUC. Porteoui>J.IC, Cmtin t N.J^ Orlffia.RJ^ 
OoJding.B.T. and Durkacz3.W. (1995) Poteniiation of tcmoitolotuidc- 
induced cyiomaicity: a comparative study of the effects or poly (ADP-rtbose) 
polymerase iohibttors. Br. J, Cancer, 72, 849-856. 

16. DurkacxJB.W^ Omidiii.O., GrayX>.A. and ShalLS. (I9S0J (ADP-fiboae^ 
synthesis participaies in DNA repair. Mature, 283, 593-596. 

n.Trucco.C, OliverjU-, da MurCifl.O. And Mcniaaicr-dc MurcUU- (1 998) DNA 
repair defect in polytADP-nbose) poJyroersso-deficwnt cell lines. Nucleic 
AcUt Res., 26, 2644-2649, 

lB.Bcryamin,fLC and G1H,DX. (1980) lN>ly(AOP-nbase) synthesis In vifrv 
pmanmimed by damaged DNA. A comparison ofDN A molecule* containing 
dirTerem types of sound breaks. /. Biol O™., 2SS t 10502-10508. 

t9.Wdnrcld.M.. OaudhryMA^ Amount.. Pdi«ierji>^ pohicr 4 0.0„ 
Povirk v LJ'. and Lces-Mincr^J* (1997) Interaction of DNA-dcpeodent 
protein kinase and poly(ADP-ribose) polymerase with radiation-uuluced 
DNA strand breaks. Radiau Res., 148, 22-28. 

ma»m£RW, < rWp*.J.W.,W^^ 

Modulation of rearrictioa enzyme-induced damage by chemicals that 
interfere with cettular responses to DNA damage: a cywgnnk and pulsed* 
field gel analysis. Radial Res., 125, 107-113, 

21. Bryaat,?£. and Johnston J* J. 0993) Kcatric^on-eno^n«cicM»-ind4iccd 
PNA double*strand breaks and chromosomal aberrarions la mammalian 
cells. hiuiaL Rax^ 299, 289-296. 

22. Kohn,KL £wig,Ft A.O. and ZwtDing.UA. (1981) Measiirornent of strand 
breaks and crosslinks by alkaUne clutioa. In Friedberg.&C and 
HanawakJP.C (eds) OM4 Repair: A Laboratory Manual of Research 
Precede** Marcel Dekker. New York and Baaek vol 2, part B» pp. 379-40 i. 

23. Biadley,MO. and KohnJCW. (1979) X*sy induced DNA double strand 
break production and repair in mammalian cells as meafiuntd by neutral Alter 
elutioo. NuKUte Ada* Res., 7, 793-804. 

24. DmjimaM.. NogncbXS^ YamastuOHR., Dgura,T H Sugimura.T^ Gill.DJvJ, 
and Miwajvl (1990) The zinc fingers of human poly(ADP-ribosc) 
polymerase are difrerenttaliy required for die recognition of DNA strand 
breaks sod rucks and consequent enzyme activation. /. Biot. CJurru % Z5S, 
21907-21913. 

23. Johnston, PJ. and Brysn^PJB. (1991) Lack of mteWeranca of DNA tingle- 
strand bntaks witb the measurement of douWe-atrand breaks in mamrafuian 
cells using the neutral niter eiuiion assay. tfucUk Acbh Ru w 19, 2735-2738. 

26. WardrJ.F, (1994) The complexity of DNA damage: rekvaace to bioiogicat 
couAeqoenccs. Mr. / Radiate 66V 427*432. 

27. HoBcy.W:R. and Chatierjee.A. {1996) Ooatcrs of DNA damage induced 
by ionising radiation: formation of stout DNA fragments. L Theoretical 
modeiaojg, Radiat Res., 145, 188-199. 

28-Cimprich,lCj^ Shin,T3„ KehlwC.T. and SchraibenSX. (1996J eDNA 
cT"^"p and gene mapping of a candidate human cell cycle checkpoint 
protein. Free. Natl Acad. ScL USA, 93, 2850-2855. 

29.1bylor,A,MJGL, Hamocn.D.O^ ArietMlR. Korcomt.A.(L, Lehmann,AJl., 
Stevens^. 8ndBridgas,B^. ( 1 975) Ataxia telangiectasia, a human mutation 
with abnormal radiation seosHiviiy. Nature, 258, 427*429. 

30.Cuby,W.A„ Robcrrt.CJ., CinmriciUCA., SiriagcrAM., LamtU.lt* 
Schretber.SX. and Priccd.S.H. (1998) Overcxpession of a kinase-in active 
ATR protein causes sensitivity to DN A-damagmg agents and defects In eel) 
co'eie checkpoints. £MBOJ< t 17, 159-169. 

3LSinfileton,BJC-. Priestly^.. Stamgrirasdottlr^ GellA, BlunCT. 
Jaokson^JV LctananjuA^ and Jcggo,PA. (1997) Molecular and 
biochemical eharacteriaatSon of xrs mutaao} deftctivc in KuSC AfoL Cell 
BloL„ 17. 1264*1273. 

32. Jcggo.PA. and Kenm4*M. 0983) X-ray sensitive mutants of Chinese 
hamster ovary coll Una, Isolation and ere** seesfuVtty to other DNA- 
damnginfc agsuta. Mutat 11X3I3-M7. 

33. h4c*rtaojwC. SmitruaXLM^ SdngJU Jaokson^ VliwEE and 
WhngX-Q. (1997) Genetic iracmciicn between PARP and DNA*?K in 
V(D)J recombination and tmnorigericsis. Nature Genet., 17, 479*482, 

M,Ru«certi»T. i Lnbnert3-5*, Hiubrook,!., TrongJLU HDesatraaWl, 
Cbeo^D-T, and PeiesaooS.R, (1998) Cumulation of DMA-dependent protein 
klnaaeby poly(ADP-nbo»e) polymerase. Biol 0>em..273, 14461-14467. 

33,Want2^Q, Aw,B, StlngA. BcrgMmnsvit. HaidachexJD., 
SchweigerM andWsgw^J. (1995) Mice hiakijag ADP^Tand poly(ADP- 
nbosy^ation develop normally but are susceptible to skin disease, Genes 
Dav^ 9, 509-220. 

36.Mfetos^erdeMoTciaX,^^edc^ (l997)IUo^meot 
of polyCAJDP-rihaflc) polyisezase ui recovery front DNA daxnago in nuce 
andln colls. Proc NatlA&xL ScL USA* 94, 7303-7307. 

Received July 74, 1999; revised September 2J, 1998; 
accepted October IS, 1993 

203 



Clinical Cancer Research - Liu et al. 5 (10): 2908 



Seite 1 von 20 



fx] Clinical Cancer Research 



I x 1 http://www.aacr.org/2004Chromatin.as 



[xj http://www.aacr.org/2004prevention.as 



HOME HELP FEEDBACK SUBSCRIPTIONS ARCHIVE SEARCH TABLE OF CONTENTS 

Cancer Research Clinical Cancer Research 

Cancer Epidemiology Biomarkers & Prevention Molecular Cancer Therapeutics 

Molecular Cancer Research Cell Growth & Differentiation 



Clinical Cancer Research Vol. 5, 2908-2917, October 1999 
© 1999 American Association for Cancer Research 



Experimental Therapeutics, Preclinical 
Pharmacology 

Pharmacologic Disruption of Base 
Excision Repair Sensitizes 
Mismatch Repair-deficient and - 
proficient Colon Cancer Cells to 
Methylating Agents- 



D 



□ Abstract of this Article ( j 

□ PDF Version of this Article 

□ Similar articles found in: 

[_ UClinical Cancer Research Online 



□ □PubMed 

□ PubMed Citation 

□ This Article has been cited by: 
□ □other online articles 

□ Search PubMed for articles by: 
□□ Liu, L. II Gerson, S. L. 

□ Alert me when: 

I— Unew articles cite this article 

□ Download to Citation Manager 



Lili Liu, Pietro Taverna, Cecilia M. Whitacre, Satadal Chatterjee and 
Stanton L. Gerson- 



Division of Hematology and Oncology, Department of Medicine and Ireland Cancer Center, Case Western 
Reserve University, Cleveland, Ohio 44106-4937 



□ ABSTRACT 

Previously we showed that a mismatch repair (MMR)- 
deficientcell line, HCT116 (hMLHl mut), unlike a 
MMR wild-type cell line, SW480, was more resistant to 
the therapeutic methylating agent, temozolomide 
(TMZ), because the MMR complex fails to recognize 

TMZ-induced <9 6 -methylguanine DNA adduct mispairings with thymine that arise after 
replication. TMZ also produces jV 7 -methylguanine and Af 3 -methyladenine adducts that are 
processed efficiently by the base excision repair (BER) system. After removal of the 
methylated base by methylpurine glycosylase, which creates the abasic or apurinic- 
apyrimidinic (AP) site, the phosphodi ester bond is hydrolyzed immediately by AP 
endonuclease, initiating the repair of the AP site. Methoxyamine (MX) reacts with the 
abasic site and prevents AP endonuclease cleavage, disrupting DNA repair. MX 
potentiated the cytotoxic effect of TMZ with a dose modification factor (DMF) of 2.3 ± 
0.12 in SW480 and 3.1 ± 0.16 in HCT116. When combined with <9 6 -benzylguanine (BG), 
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MX and TMZ dramatically increased TMZ cytotoxicity (65.8-fold) in SW480, whereas no 
additive effect was seen in HCT1 16. This suggests that iV 7 -methylguanine and N 3 - 
methyladenine adducts are cytotoxic lesions in MMR-deficient and wild-type cells when 
BER is interrupted. 

Because poly(ADP-ribose) polymerase (PARP) aids in processing of DNA strand breaks 
induced during MMR and BER, we asked whether PARP inhibitors would also affect 
BER-mediated cell killing. We found that PARP inhibitors PD 128763, 3-aminobenzimide, 
and 6-aminonicotinamide increased the sensitivity to TMZ in both HCT1 16 MMR- 
deficient cells and SW480 MMR wild-type cells. In HCT1 16 cells, PD128763 remarkably 
decreased resistance to TMZ, with a DMF of 4.7 ± 0.2. However, the combination of 
PD128763, BG, and TMZ had no greater effect, indicating that persistent 0 6 - 
methylguanine had no effect on cytotoxicity. In SW480, the DMF for TMZ cytotoxicity 
was 3.1 ± 0.12 with addition of PD128763 and 36 with addition of PD128763 and BG. 
Synergy analysis by median effect plots indicated a high degree of synergy between TMZ 
and MX or PD 128763. In contrast, 1, 3 -bis(2-chloroethyl)-l -nitrosourea combined with 
either MX or PD128763 showed little if any potentiation observed in the absence of BG in 
either cell line, suggesting that BER pathway has little impact on cytotoxic processing of 
l,3-bis(2-chloroethyl)-l-nitrosourea-induced adducts. These studies indicate that targeting 
BER with MX or PARP inhibitors enhances the cytotoxicity of methylating agents, even in 
MMR-deficient cells. 

D INTRODUCTION 

In DNA repair-competent cells, DNA adducts formed 
by methylating agents may be repaired efficiently or be 
sites of both mutagenic and cytotoxic damage. In this 
process, the cellular response is specific for each of the 
DNA adducts formed. Perhaps the best studied is the 

response to 0 6 mG - This adduct may be repaired in a single step reaction by O b - 
alkylguanine-DNA (AGT); however, saturation of this protein by an excess of adducts or 
inhibition by BG results in residual adducts that are both cytotoxic and mutagenic (1) . 
Cytotoxicity results from recognition of this adduct by components of the MMR system, a 
five- or six-protein complex that recognizes 0 6 mG:thymine base pairs formed by DNA 
replication past 0 6 mG, and excises thymine and surrounding bases, resulting in DNA 
strand breaks. However, a thymine is preferentially reincorporated opposite the persisting 
0 6 mG, triggering MMR function again. It has been hypothesized that this repetitive 
aberrant repair process increases DNA double-strand breaks and acts as a trigger of 
apoptosis (2) • 

MMR deficiency results in inability to process the 0 6 mG:T mispair; consequently cells 
replicate DNA past 0 6 mG lesions without cell cycle arrest, chromosomal aberrations, or 
apoptosis and survive in the face of persistent DNA damage (3, 4, 5, 6, 7) . The presence of 
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MMR deficiency in a number of colon cancer cell lines allowed us the opportunity to 
evaluate the relative contribution of this DNA repair defect in resistance to the methylating 
chemotherapeutic agent, TMZ. We found that MMR deficiency resulted in 35-60-fold 
resistance to TMZ in cells defective in either MLH1 or MLH6 even after inhibition of 
AGT by BG(7) . 

Although 0 6 mG is the best studied cytotoxic DNA adduct, it is not the most abundant. 
TMZ, like other methylating agents, also forms N 7 mG and N 3 mA DNA adducts at 
frequencies 1 1 and 1 .5 times that of 0 6 mG- These DNA adducts are efficiently removed 
by BER and appear to contribute little to cytotoxicity. In the first step of BER, a series of 
glycosylases recognize abnormal bases such as N 3 mA and N 7 mG (8 J9) , the T:G 
mismatch (10) , and deaminated bases such as hypoxanthine/oxidized 8-oxo-7,8- 
dihydroguanine or uracil: A (11 , 12, 13, 14) . After enzymatic or spontaneous hydrolysis of 
the N-glycosidic bond and release of the abnormal base, AP endonuclease hydrolyzes the 
phosphodiester backbone 5' to the lesion and dRpas e (a DNA deoxyribophosphodiesterase 



with activity associated with polymerase 



{beta} 



phosphate, generating a gap of one nucleotide. DNA polymerase 



) excises the r esidual 2-d eoxyribose-5- 

| {beta} 



fills the gap, 



and DNA ligase seals the nick. This pathway is called short-p atch BER . An alternative 

I r* i <= 

pathway for BER involves DNA synthesis to fill a gap of 2 to 1 1 13 nucleotides. This 

long-patch repair requires proliferating cell nuclear antigen and proliferating cell nuclear 
antigen-dependent DNA polymerase (15) . 

PARP acts as a nick sensor of DNA strand breaks by itself or interaction with XRCC1 and 
involves in BER. PARP binds damaged DNA, resulting in autoribosylation. The modified 
protein then releases and allows other proteins to access and repair DNA strand breaks (15 , 
16, 17) . Therefore, PARP participates in BER after nick formation in both short- and long- 
patch repair. It appears most active in the alternative pathway for BER. 

BER as a therapeutic target to increase the cytoto xicity of m ethylating agents has been 

j'xj {beta} 

documented. Cells deficient in DNA polymerase I I or blocked in expression of AP 

endonuclease by antisense oligonucleotides are sensitized to methylating agents £18 , 19) . 
In addition, mice deficient in N 3 mA DNA glycosylase exhibited increased sensitivity to 
alkylating drugs such as BCNU and mitomycin C (20) . On the other hand, overexpression 
of the N 3 mA DNA glycosylase, which increases the number of AP sites formed, also 
increases the cytotoxicity of methylating agents (21) . Finally, cells lacking PARP activity 
are more sensitive to alkylating agents, with increased apoptosis and chromosomal 
instability (22 , 23) . These data suggest that balanced expression of proteins in the BER 
complex is important to the efficient processing of lesions. BER is an important 

mechanism of resistance to therapeutic methylating agents. 

t 

We examined two classes of agents that could inhibit the BER pathway to determine 
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whether they would increase the cytotoxicity of methylating agents in colon cancer cells, 
particularly in cells deficient in MMR. Because MMR-deficient cells are tolerant to 0 6 mG 
formed by TMZ, any change in cytotoxicity observed after use of a BER inhibitor would 
be due to interruption in repair of N mG and N mA DNA adducts. Our first strategy was 
to combine MX with TMZ. MX has been shown to react with the free aldehyde formed at 
the abasic site exposed by glycosylases and to reduce cleavage at AP sites in mammalian 
cells, suggesting that the MX-bound abasic site is not a substrate for AP endonuclease 
(24) . In the regard that AP sites modified by MX are relatively stable and must be 
converted to cytotoxic lesions, we hypothesized that MX would interrupt BER in cells and 
potentiate the cytotoxic effects of TMZ, even in MMR-defective cells. The second strategy 
we used was to inhibit PARP with PD128763, 3-AB, or 6-AN and to subsequently treat 
cells with TMZ. We hypothesize that inactivated PARP would affect short- and long-patch 
BER, destabilize strand breaks, reduce interaction with other proteins during repair of 
methylated DNA adducts, and lead to cell death, again in both MMR-proficient and - 
deficient cells. 
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Chemicals and Reagents. 

BG was generously provided by Dr. Robert Moschel 

(Frederick Cancer Research and Development Center, 

National Cancer Institute, Frederick, MD). Stock 

solution was made in DMSO. TMZ and BCNU were 
obtained from the Drug Synthesis and Chemistry 

Branch, Drug Therapeutic Program, National Cancer Center Institute (Rockville, MD). 

PD128763 was a gift from Park-Davis Pharmaceutical Division (Ann Arbor, MI). 6-AN, 3- 

AB, MX, and MMS were purchased from Sigma Chemical Co. (St. Louis, MO). Stock 

solutions of PD128763, 3-AB, and 6-AN were prepared by dissolving in DMSO and added 

to cell culture at a final concentration of < 1% DMSO when cells were treated with these 

compounds. MX was dissolved in sterilized water (pH 7.0). All stock solutions were kept 

at -20°C. BCNU was prepared fresh in 0.5 ml of 100% ethanol, diluted in PBS, and used 

within 10 min. 

Colony Survival Assay. 

SW480 cells were obtained from the American Type Culture Collection, Rockville, MD. 
HCT1 16 was obtained from R. Boland, University of Michigan Medical Center (Ann 
Arbor, MI). All cell lines were cultured in appropriate growth media. 

Cells (2000/dish) were plated, adhered for 18 h, and treated with TMZ or MMS plus or 
minus variable modifiers such as BG, MX, 6-AN, 3-AB, or PD128763, according to 
experimental protocol. After treatment, cells were washed and fresh medium was added. 
The cells were grown for a further 7 days prior to staining with methylene blue for 
determination of colonies containing more than 50 cells. Comparisons of drug-induced 
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cytotoxicity consisted of a calculation of the DMF, defined as the ratio of the IC 50 of either 

TMZ or MMS in the absence of indicated modifier(s) to that in the presence of indicated 
modifier(s), i.e., DMF = IC 50 for TMZ alone/IC 50 for TMZ plus modifier(s). The DMF 

indicates the degree of potentiation of cytotoxic agents by modulator. 
Median Effect Analysis. 

Median effect analysis was used to determine the dose-response interactions between TMZ 
and either MX or PD 128763. Drugs were combined at the ratio of the IC 50 values for 

either TMZ and MX or TMZ and PD 128763 as determined by survival/concentration 
curves. The combination was compared with the cytotoxicity of each drug alone in every 
experiment. The combination index was determined from colony-forming assays at 
increasing levels of cell killing, using an analysis of multiple drug interaction program 
(Biosoft, Cambridge, United Kingdom) developed based on the method of Chou and 
Talalay (25) . Combination index values of less than or greater than 1 indicate synergy and 
antagonism, respectively, whereas a combination index value of 1 indicates additivity of 
the drugs. 

Flow Cytometry for Cell Cycle Distribution Analysis. 

For cell cycle analysis, 10 6 cells were plated in 100-mm tissue culture dishes and exposed 
to MX (6 mM)/PD128763 (100 \iM) or MX (6 mM)/PD128763 (100 nM) plus TMZ (300 
^M) at 37°C. After 24-72 h of culture, cells were fixed in 80% ethanol and DNA was 
stained with 20 (ig/ml propidium iodide. The DNA fluorescence of propidium iodide- 
stained cells was measured with an Elite ESP flow cytometer/cell sorter (Coulter, Miami, 
FL). Cell cycle distribution was analyzed with the Modfit 5.2 program (Verity Software, 
Topsham, MA) with at least 10,000 cells per data point. 

Western Blotting for PARP Cleavage Detection. 

Cell extracts were resolved by SDS-PAGE (8% polyacrylamide) in a Bio-Rad minigel 
apparatus at 150 V for 1 h. Proteins were transferred onto PVDF membranes, using a Bio- 
Rad mini Trans-Blot cell for 1 h at 100 V. The blotted membranes were blocked with 5% 
dry milk in Tris-buffered saline and then probed for 2 h with anti-PARP antibody C2-10 
(Trevigen, Gaithersburg, MD). After three 5-min washes with Tris-buffered saline-Tween 
20 (0.05%), the blots were incubated with secondary antibody, antimouse horseradish 
peroxidase-anti-IgG for 1 h (Amersham Life Science, Arlington Heights, EL). Antibody 
binding was visualized by the ECL method, according to manufacturer's instructions 
(Amersham). 

D RESULTS 

MX Potentiates Cytotoxicity of TMZ. 

We previously reported the comparative cytotoxicity of 

TMZ and BG in the SW480 and HCT1 16 cell lines (7) . 
To test whether MX would alter TMZ cytotoxicity, we 
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treated SW480 and HCT1 16 with 6 mM MX (IC 50 for 

MX alone was 50 |iM in SW480 and 28 \xM in HCT1 16 
cells) plus TMZ (0-1500 ^M) for 2 h, with or without BG to abolish AGT-mediated 
removal of 0 6 mG DNA adducts. SW480 cells were moderately resistant to TMZ, with an 
IC 50 of 395 fiM, which was reduced 14-fold to 28 \iM by BG pretreatment. Greater 

resistance to TMZ was observed in MLH1 -defective HCT1 16 cells, even after inhibition of 
AGT by BG (TMZ IC 50 , 950 |iM). In both cell lines, MX potentiated the cytotoxic effect 

of TMZ (Fig. 1)D with a DMF of 2.3 ± 0.12 (P = 0.0002) in SW480 and 3.1 ± 0.16 (P < 
0.0001) in HCT1 16. In SW480 cells, additive effects of MX and BG were noted, (IC 50 was 

reduced from 395 [iM to 6 \xM 9 and the DMF was 65.8), whereas with HCT1 16 cells, no 
effect of BG was seen in the presence or absence of MX. 
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Fig. 1. MX increases the sensitivity of colon 
cancer cells to TMZ. Cells were treated with 0- 
1500 \iM TMZ for 2 h or TMZ plus 6 mM MX 
and/or 10 (iM BG for 2 h prior to 2-h exposure to 
TMZ. ,4,HCT11 6 cells; B y SW 480 cells. ( 



fx] {blacksquare} 



), TMZ alone; (I 



\i\ {diamondsuit} 
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MX plus TMZ; («) , BG plus TMZ; ( 



J), 



fx] {blacktriangleup} 



), BG and MX plus TMZ. 



Results are the means of at least three separate 
experiments performed in duplicate. Bars, SD. 



To further decipher the role of N mA and N mG DNA adducts in the relative absence of 
0 6 mG. we evaluated the effect of MX on MMS-mediated cytotoxicity. MMS is a 
methylating agent that produces far fewer 0 6 mG adducts (0.3%) and a greater proportion 
of N 3 mA (10%) and N 7 mG adducts (87%) than TMZ (25} . The IC 50 of MMS was 0.82 

mM in SW480 and 1.4 mM in HCT1 16 cells. This difference is smaller than the difference 
in the TMZ IC 50 (395 versus 950 jiM) between these cell lines, probably because the low 

concentration of 0 6 mG adducts formed by MMS increases the impact of other DNA 
adducts. After cells were treated with MMS (0-3 mM) plus 6 mM MX for 1 h, the IC 50 

DMFs, compared with MMS alone, were 2.0 ± 0.14 (P < 0.002) in SW480 and 2.3 ±0.17 
(P = 0.002) in HCT1 16 (Fig. 2)U . These DMFs were similar to that observed with TMZ. 
Compared with treatment of SW480 with BG plus TMZ (DMF of 14), BG plus MMS 
induced less enhancement of cytotoxicity (DMF of 6). This is perhaps due to fewer 0 6 mG 
adducts formed by MMS; however, even a small number of 0 6 mG adducts contribute to 
cytotoxicity in MMR-proficient cells. When MMS was combined with BG and MX, 
greater than 10-fold potentiation of cytotoxicity at the IC 50 for TMZ alone was observed in 

SW480, whereas no increased toxicity over that of the combination of BG, MX, and MMS 
was seen in HCT1 16 cells. From these data, we infer that MX had equal ability to interrupt 
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BER in these two cell lines. 




View larger version (14K): 
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Fig. 2. Cytotoxicity of MMS enhanced by MX in 
colon cancer cell lines. Cells were treated with 0- 
3 mM MMS for 1 h or MMS plus 6 mM MX 
and/or 10 |iM BG for 2 h prior to 2-h exposure to 
MMS. A, HCT1 0016 cells; B, S W480 cells. ( 



fxj {blacksquare} 



), MMS alone; ( 



fij {diamondsuit} 



MX plus MMS; p 



), BG plus MMS; ( 



fx] {blacktriangleup} 

=d I), BG and MX plus MMS. 

Results are the means of at least three separate 
experiments performed in duplicate. Bars, SD. 



Inhibitors of PARP Modulate the Sensitivity of Cells to TMZ. 

Because inhibitors of PARP may interrupt BER and increase sensitivity to methylating 
agents, we examined whether inhibitors of PARP sensitize cells to TMZ. Figs. 3D and 4D 
display survival after combined treatment of TMZ with PD 128763, 3-AB, or 6-AN in both 
SW480 and HCT1 16 cells. In the SW480 cell line, 100 |i.M PD128763 (IC 50 for PD128763 

alone, 625 jiM) sensitized cells to TMZ with aDMF of 3.1 ± 0.12 (P < 0.0002). The 
combination of PD128763, BG, and TMZ was even more toxic, with a DMF of 36 (Fig. 
3A$3 . In HCT1 16 cells, the DMF for PD128763 and TMZ compared with TMZ alone was 
4.7 ± 0.2 (P < 0.0001). However, the combination of PD128763, BG, and TMZ had no 
greater effect than PD 128763 and TMZ (Fig. 4A)U , indicating that persistent 0 6 mG had 
no effect on cytotoxicity in this MMR-defective cell line. Potentiation of TMZ cytotoxicity 
was also observed in both cell lines treated with two other PARP inhibitors, 3-AB (Figs. 3B 
□ and 4B)n and 6-AN (Figs. 3CtJ and 4C)0 . Although the specific activity of these agents 
varied considerably, DMF values of 3 to 4 were observed for both 3-AB and 6-AN when 
combined with TMZ compared to TMZ alone. 
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Fig. 3. Inhibitors of PARP enhance cytotoxicity 
of TMZ in MMR wild-type SW480 cells. A, cells 
were treated with 0-1500 jiM TMZ for 2 h or 
TMZ plus 100 ^iM PD 128763 and/or 10 BG 
for 2 h prior to 2 -h exposure to TMZ. ( 



jxl {blacksquare} 



plus TMZ; 



), TMZ alon e; (•), PD 128763 



{diamondsuit} 



jxj {blacktriangleup} 



J), BG plus TMZ; ( 



J), BG and PD 128763 plus 
TMZ. B, cells were treated with 0-1500 \iM 
TMZ for 2 h or TMZ plus 10 nM 6-AN 
(pretreated for 48 h) and/or 10 nM BG for 2 h 
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prior to 2-h exposure to TMZ. 
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J), BG and 6-AN plus TMZ. C, 



cells were treated with 0-1500 jiM TMZ for 2 h 
or TMZ plus 3 mM 3-AB (pretreated for 24 h) 
and/or 10 piM BG for 2 h prior to 2-h exposure to 



TMZ. (I 



{blacksquare} 



plus TMZ; 



TMZ alone; (•), 3-AB 



fx] {diamondsuit} 



J), BGplus TMZ;( 



lx\ {blacktriangleup} 

_ ), BG and 3-AB plus TMZ. 

IC 50 was 50 |iM for 6-AN and » 6 mM for 3-AB 

in this cells. Results are the means of at least 
three separate experiments performed in 
duplicate. Bars, SD. 
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Fig. 4. Inhibitors of PARP enhance cytotoxicity 
of TMZ in MMR-deficient HCT1 16 cells. A 9 
cells were treated with 0-1500 TMZ for 2 h 
or TMZ plus 100 nM PD 128763 and/or 10 |iM 
BG for 2 h prior to 2-h exposure to TMZ. ( 



{blacksquare} 



plus TMZ; 



5, TMZ alon e; (•), PD 128763 
, BG plus TMZ; ( 



fx {diamondsuit} 



fx] {blacktriangleup} 



J), BG and PD 128763 plus 
TMZ. B, cells were treated with 0-1500 \iM 
TMZ for 2 h or TMZ plus 100 |iM 6-AN 
(pretreated for 48 h) and/or 10 j iM BG for 2 h 



prior to 2-h exposure to TMZ. ( 
TMZ alone; (•) 6-AN plus TMZ; ( 
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{diamondsuit} 



1BG plus TMZ; ( 
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- — D, BG and 6-AN plus TMZ. C, 

cells were treated with 0-1500 |iM TMZ for 2 h 
or TMZ plus 3 mM 3-AB (pretreated for 24 h) 
and/or 10 \iM BG for 2 h prior to 2-h exposure to 

Mxi {blacksquare} 

TMZ. ( I ' _ 



plus TMZ; ( 



, TM Z alone; (•), 3-AB 



fx] {diamondsuit} 



{blacktriangleup} 
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I, BG and 3-AB plus TMZ. 



file://C:\txt\PA9061 8CA Literatur\2908.htm 



27.04.2005 



Clinical Cancer Research - Liu et al. 5 (10): 2908 



Seite 9 von 20 



IC 50 was 350 [iM for 6- AN and » 6 mM for 3- 

AB in this cells. Results are the means of at least 
three separate experiments performed in 
duplicate. Bars, SD. 

Synergistic Interaction between TMZ and MX or PD128763. 

We investigated the nature of the interaction between TMZ and MX in these two cell lines. 
These cells were incubated in the presence of a range of concentrations of TMZ (37.5-750 
HM) and MX (0.75-15.0 mM) and a constant molar ratio mixture of TMZ and MX (1 : 20), 
based on the relative IC 50 for 2 h. Cells were also exposed to TMZ (18.8-750 |iM) and 

PD128763 (15 .6-625 \iM) alone and at the fixed dose ratio of the combination of (1:0.83) 
for 2 h to analyze synergism. As shown in Fig. 50 , synergistic interaction (C I« 1; P < 
0.001) was found in both SW480 and HCT1 16 cells for the combination of TMZ with 
either MX or PD128763 despite the fact that the HCT1 16 cells were TMZ resistant. This 
synergistic interaction was observed even at very low concentrations, which were 
absolutely nontoxic when each drug was used alone, indicating that BER inhibitors 
significantly synergize methylating agent cytotoxicity in both MMR-deficient and - 
proficient colon cancer cells. 




View larger version (12K): 
[in this window] 
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Fig. 5. Synergy analysis of the interaction 
between TMZ and MX (A) or PD 128763 (B) in 



SW480 (1 



jxl {blacktriangleup} 



fx] {diamondsuit} 



J), and HCT116( 



) cells. Values are representative 



of two independent experiments. 



Effect of BER Inhibitors on BCNU Cytotoxicity. 

To test whether MX is also able to sensitize colon cancer cells to chloroethylating agents, 
these two cell lines were pretreated with 6 mM MX for 2 h, followed by BCNU. No 
enhancement of BCNU cytotoxicity by MX was observed (Fig. 6)Q ; the BCNU IC^ was 

45 ixM in HCT1 16 cells (Fig. 6A)U and 27-29 jiM, respectively, in SW480 cells treated 
with BCNU alone or BCNU plus MX (Fig. 6B)U . A greater sensitization to BCNU was 
observed in these two cell lines when cells were treated with MX plus BG and BCNU; the 
BCNU IC 50 for both cell lines was 5 jliM under these conditions. However, most of the 

effect was potentiation due to BG, which increased BCNU cytotoxicity by 3-4-fold. As 
shown in Fig. 7a , no sensitization to BCNU cytotoxicity was seen after treatment with 
addition ofPD 128763. 
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Fig. 6. Survival fraction of human colon cancer 
cell lines after exposure to BCNU plus MX. Cells 
were treated with 0-100 \iM BCNU for 2 h or 
BCNU plus 6 mM MX and/or 10 |iM BG for 2 h 



prior to 2-h exposure t o BCNU. A, HC 

{blacksquare} 

cells; B , SW480 cells. ' ' 



alone; ( 



{diamond suit} 



116 



BCNU 



f>, MX plus B CNU; (•), 



fx] {blacktriangleup} 



), BG and 



BG plus BCNU; ( 
MX plus BCNU. Results are the means of at least 
three separate experiments performed in 
duplicate. Bars, SD. 
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Fig. 7. Survival fraction of human colon cancer 
cell lines after exposure to BCNU plus 
PD 128763. Cells were treatedO with 0-100 |iM 
BCNU for 2 h or BCNU plus 100 \iM PD 128763 
and/or 10 BG for 2 h prior to 2-h exposure to 



■ i 

fx] {blacksquare} 


), BCNU alone; ( 

), PD 128763 plus BCNU: (»\ BG 


fx] {diamondsuit} 


\zc] {blacktriangleup} 

plus BCNU: C- 2 ), BG and 


PD 128763 plus 


{blacktriangleright} 

BCNU; ( '- 2 ) 



BG, PD128763 and MX plus BCNU. Results are 
the means of at least three separate experiments 
performed in duplicate. Bars, SD. 

Effect of Inhibitors of BER on Cell Cycle Distribution and PARP Cleavage. 

The cell cycle and apoptosis responses of SW480 and HCT1 16 cells were examined at 
various times after treatment with TMZ (300 ^iM) alone or with MX (6 mM), PD 128763 
(100 |iM), or BG (25 ^M). After treatment, cells were divided into two aliquots for analysis 
of cell cycle/apoptosis on days 1 and 3, and for detection of PARP cleavage (see below). 
Cell cycle distribution was measured by flow cytometry according to DNA content, and 
estimation of the duration of the G ]5 S, and G 2 -M phases was based on untreated, 

exponentially growing, asynchronous cells. MX and PD128763 alone did not affect the 
distribution of cell cycle in these two cell lines (data not shown). At 24 h, 75-90% of 
SW480 cells accumulated in the S and G 2 phases after treatment with TMZ alone, and this 

S-G 2 phase arrest was more pronounced in cells pretreated with either MX or PD 128763 

(Fig. SA)\D . S-G 2 phase arrest was still present after 3 days in cells treated with the 

combination of MX orPD 128763 and TMZ (in both instances, 13-20% of cells were 
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apoptotic). In SW480 cells treated with TMZ alone, the S-G 2 phase block was less obvious 

at day 3, with only 8% of cells showing evidence of apoptosis. In contrast, HCT1 16 cells 
had a normal cell cycle distribution after treatment with TMZ alone, and no effect was seen 
with BG and TMZ. However, accumulation in the S phase was observed (Fig. SB)n 24 h 
after treatment with PD 128763 plus TMZ. At 72 h, HCT1 16 cells had moved through the 
S phase, and thereafter, a significant portion of cells (90%) remained arrested in the G 2 

phase with apoptosis present in 14% of cells. A similar but less striking result was 
observed with MX and TMZ in HCT1 16 cells. By 72 h, 60% of cells were still arrested in 
the S and G 2 phases and 10% of cells were apoptotic. 




View larger version (45K): 
[in this window] 
[in a new window] 



Fig. 8. Distribution of cell cycle and apoptosis in 
colon cancer cell lines after treatment with TMZ 
plus modifiers. A 9 MMR wild-type SW480 cells; 
B, MMR-deficient HCT1 16 cells. PD, 
PD128763. 



Finally, as a marker of apoptosis-induced cell death, we examined PARP cleavage after 
cells were treated with these drug combinations at 3 days (Fig. 9)a . PARP cleavage was 
observed in SW480 cells after exposure to TMZ alone and TMZ plus BG but was not seen 
in HCT1 16 cells with the same treatment, indicating that the apoptotic process is triggered 
when 0 6 mG lesions are repaired by the MMR system. However, PARP cleavage was 
detected in MMR-proficient and -deficient cells treated with TMZ plus either MX or PARP 
inhibitors. 



~ I Fig. 9. PARP cleavage in colon cancer cells 

£J treated with TMZ plus modifiers. A, SW480 and 

j HCT1 16 cells untreated and treated with TMZ 
and BG; B, SW480 cells; C, HCT1 16 cells. Lane 
/, untreated; Lane 2, TMZ + MX; Lane 3, TMZ 
I + MX + BG; Lane 4, TMZ + 3-AB; Lane 5, 
TMZ + 3-AB + BG; Lane 6, TMZ + 6-AN; Lane 

1 7, TMZ + 6-AN + BG; Lane 8, TMZ + 

View larger version (42K): PD 128763; Lane 9, TMZ + PD 128763 + BG. 
[in this window ] Representative blots from one of three 



file://C:\txt\P A90618CA_Literatur\2908.htm 



27.04.2005 



Clinical Cancer Research - Liu et al. 5 (10): 2908 



Seite 12 von 20 



[in a new window] experiments. 



D DISCUSSION 

Because MMR defective cell lines are remarkably 
resistant to methylating agents yet accumulate high 
levels of three methylating DNA adducts, 0 6 mG, 
N 3 mA, andN 7 mG, we reasoned that the interruption of 
repair of N 3 mA and N 7 mG adducts by the BER process 
would sensitize cells to methylating agents. To address this issue, we studied the effect of 
MX on potentiation of TMZ cytotoxicity. MX interacts specifically with the tautomeric 
open-ring form of deoxyribose generated from the removal of an abnormal base by 
glycosylase. The MX-modified AP site is relatively stable £26 , 27) and inhibits the 
cleavage of AP sites in DNA by AP endonuclease in mammalian cells. This has been 
shown to protect cells from cytotoxicity, mutagenicity induced by SNl-type ethylating 
agents, such as ethylnitrosourea, but not SN2 alkylating agents, such as diethyl sulfate and 
MMS (24 , 28) . Moreover, the protection was strictly time dependent and was limited to 
the short period (30 min) after exposure to the alkylating agents (28) . In our studies, we 
had also observed that MX reduced cleavage at AP sites and decreased BER in human 
colon cancer cell extracts.- However, we did not see protection of these two cell lines from 
ethylnitrosourea cytotoxicity when longer exposures to MX were used. The short duration 
of MX studied previously may not have the same impact on BER inhibition as does longer 
exposure to MX. Our results showed that MX synergistically increased TMZ-induced 
cytotoxicity in human colon cancer cell lines in both MMR-proficient and -deficient cells. 
A similar degree of enhanced cytotoxicity was observed with MX and MMS and with 
TMZ as well. The effect of BG inhibition of AGT was additive to the effect of MX only in 
the MMR-proficient SW480 cell line but not in the MMR-defective HCT1 16 cell line. 
These data suggest that 0 6 mG DNA adducts do not contribute to the enhanced cytotoxic 
effect of TMZ by MX. Furthermore, a similar degree of enhanced cytotoxicity was 
observed with MX and MMS as with TMZ, again implicating N 3 mA- and N 7 mG-induced 
abasic sites as the major targets for MX. In our recent studies, a prolonged exposure to 
low-dose MX results in even greater potentiation of TMZ cytotoxicity. 

The mechanisms of MX-enhanced cytotoxicity of methylating agents in colon cancer cells 
have not been fUlly understood. It is fair to suggest that MX enhanced the cytotoxic effect 
of TMZ because (a) the MX-AP site complex is able to block the AP endonucleolytic step 
of the BER pathway; (b) the persistence of abasic sites may increase topoisomerase II- 
mediated DNA cleavage (29) ; and (c) AP sites inhibit DNA replication and trigger 
programmed cell death (30) . 

Under normal circumstances, TMZ produces strand breaks during BER-mediated repair of 

7 ^ 

N mG and N J mA adducts that are repaired efficiently and do not contribute to cytotoxicity 
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until high concentrations of adducts are achieved. When DNA strand breaks are present, 
one component of the response is recognition, binding, and activation of PARP. Activated 
PARP leads to autoribosylation, and this in turn facilitates access of repair enzymes to 
DNA dama ge (15.31) and appears to enhance processing of stand breaks and religation by 



x] {beta} 

polymerase-l I and ligase I (32) . In the alternative BER pathway, PARP interacts 

with XRCC1 to facilitate repair (17) . It seems likely that PARP plays an important role in 
communication between repair proteins and the stability of the repair complex involved in 
BER. This suggests that inhibition of PARP leads to an impaired ability to rejoin DNA 
strand breaks, which can initiate both apoptotic and nonapoptotic cell death cascades and 
thereby increase cytotoxicity of TMZ (33) . Our results support this hypothesis. 
Potentiation of cytotoxicity of methylating agent with PARP inhibitors was observed with 
a marked increase in apoptosis and PARP cleavage. 

The results of BCNU combined with either MX or PD 128763 are in sharp contrast to 
TMZ: little if any potentiation is observed in the absence of BG in either cell line. This 
suggests that although BER appears to process BCNU-induced cross-links, inhibition of 
BER in this manner has little impact on BCNU toxicity. One of the best studied BCNU- 
induced lethal lesions is the A^-cytosine-N 1 -guanine interstrand cross-link formed after 
initial chloroethyl monoadducts at 0 6 -guanine and cyclic rearrangement to N l ,0 6 - 
ethanoguanine (34) . However, treatment of cells with BCNU also produces alkylated 
bases that may be labile and spontaneously result in breakage or nicking of the 
phosphoribosyl backbone (35) . Because PARP has been shown to bind to BCNU-induced 
DNA nicks in vitro (36) , it is reasonable to assume that PD 128763 might increase BCNU 
cytotoxicity. However, our studies showed only minor enhancement of toxicity in HCT1 16 
cells and no enhancement in SW480 cells. Although methyladenine DNA glycosylase has 
been implicated in BCNU cross-link repair and its absence sensitizes cells to BCNU (37) , 
we did not observe sensitization to BCNU by treatment with MX in the absence of BG. In 
the presence of BG, MX potentiated BCNU toxicity, indicating that MX may interfere with 
DNA cross-link repair pathway and suggesting that BER may be involved in repair of the 
A^C^-ethanoguanine cross-link, which is not formed if AGT reacts with the O 6 - 
chloroethylguanine adduct. Taken together, these data suggest a different reaction of MX 
with damaged DNA induced by BCNU compared with TMZ. With TMZ, MX-increased 
cytotoxicity is associated with AP sites generated from repair of N 7 mG and N 3 mA DNA 
adducts formed by methylating agent; however; with BCNU, it might be the O 6 lesion- 
induced cross-link that controls BCNU toxicity. 

It appeared that apoptosis mediates both MX and PD 128763 -enhanced cytotoxicity of 
TMZ. Increased apoptosis was observed in MMR wild-type SW480 cells but not in MMR- 
deficient HCT1 16 cells after treatment with BG and TMZ. This suggests that MMR 
processing of 0 6 mG is a potent apoptosis-inducing event (38) . Although the biological 
and functional consequences of PARP and its cleavage in apoptosis still remain to be 
further identified, it has been demonstrated that PARP is rapidly and specifically cleaved 
during apoptosis {39 , 40) . PARP cleavage was observed in both SW480 and HCT1 16 
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cells after treatment with either MX or one of the PARP inhibitors and TMZ, confirming 
activation of apoptotic pathways. 

We noted that arrest at cell cycle checkpoints paralleled the cellular response to DNA 
damage and that these were dependent on MMR and BER pathways. MMR wild-type 
SW480 cells were sensitive to TMZ alone with arrest in the S and G 2 phases (2) . The S 

and G 2 phase arrests were potentiated by MX or by PD 128763 despite the fact that SW480 

is a p53 mutant cell line. In contrast, even high levels of DNA adducts formed by TMZ in 
the MMR-deficient HCT1 16 cells did not induce cell cycle checkpoint arrest despite the 
fact that p53 is wild type in this cell line. This dysregulation of damage-induced cell cycle 
checkpoint control appeared because of failure of processing 0 6 mG lesions in MMR- 
deficient cells. However, after combined treatment with TMZ and either MX or PD128763, 
HCT1 16 cells showed S-G 2 phase arrest and apoptosis. These results are consistent with 

previous studies of cell cycle changes after MMS exposure or other compounds that 
produce 90% N 3 mA (41 , 42, 43} and the prolonged G 2 phase arrest observed in PARP 

knockout mice or derived cell lines (22) following DNA damage. These data indicate that 
both SW480 and HCT1 16 cells have a similar response to persistent N 7 mG and N 3 mA 
lesions, following interruption of BER. 

In summary, we have shown that disrupted BER processing of non-0 6 mG, most likely 
N'mG and N mA, DNA adducts formed by TMZ is cytotoxic to colon cancer cell lines. 
This may be particularly important in MMR-deficient cells, which are resistant to TMZ 
alone because of the failure to recognize 0 6 mG DNA adducts. These studies provide 
evidence that disrupting repair of N 7 mG and N 3 mA by inhibiting BER or PARP may 
improve the therapeutic efficacy of methylating agents. 
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